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ABSTRACT

The reproductive performance of 123 Romney and Border Leicester
x Romney ewes was compared after they grazed oestrogenic lucerne or
non-oestrogenic ryegrass/clover pasture.

To synchronize oestrus prior to the experimental treatment,
progestagen-impregnated intravaginal sponges were inserted in all ewes
for 14 days. In Experiment I, which involved 42 Romney and Border
Leicester x Romney ewes, the animals grazed treatment pastures for one
complete oestrous cycle. Blood samples were taken at intervals
throughout the cycle and luteinizing hormone concentrations were
determined. Ovulation rates and the numbers of follicles present on
the surface of the ovaries were recorded at laparotomy, three days post-
oestrus.

In Experiment II, which involved 81 Romney ewes, oestrogenic lucerne
or non-oestrogenic ryegrass/clover pasture was grazed for a complete
oestrous cycle, or treatments were interchanged in mid-cycle. All ewes
were slaughtered three days post-oestrus and their reproductive tracts were
recovered and individually identified. Ovulation rates and the
numbers of follicles on the surface of the ovaries were recorded.

After sectioning the ovaries, all follicles of a diameter greater than
2.0mm were recorded. Sections of tissue from the vagina, cervix, uterus
and fallopian tubes of each ewe were mounted, stained with haematoxylin
and eosin, and the height of their epithelial cells measured.

The ingestion of oestrogenic lucerne for one complete oestrous
cycle depressed ovulation rates by 29 percent (0.67 ovulations per ewe)
in Experiment I and by 22 percent (0.40 ovulations per ewe) in Experiment

II. The ingestion of oestrogenic lucerne for part of the oestrous cycle,
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depressed ovulation rates only if it was consumed for the latter
half of the cycle.

Oestrogenic lucerne did not significantly influence the secretion
of luteinizing hormone over the pre-ovulatory period, or at any other
stage of the oestrous cycle.

There were no significant differences in the total numbers of
ovarian follicles present, in the numbers of follicles on the surface
of the ovaries, or in the numbers of large follicles (with a diameter
of greater than 3.5mm) present, between the treatment groups.

The ingestion of oestrogenic lucerne did not increase significantly,
the height of epithelial cells in genital tract tissue, when compared
with that in ewes grazing non-oestrogenic ryegrass/clover pasture.
Similarly, there was no significant difference in uterine weights.
This is in contrast to published data where lucerne is fed to speyed

ewes.
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INTRODUCTION

Lucerne (medicago sativa) has become increasingly important as a

forage crop in those parts of New Zealand which experience dry summer
conditions. Its ability to produce high yields of forage, of high
nutritive value, whether grazed in situ or fed as hay or silage, has
led to its popularity. In these areas lucerne production frequently
exceeds that of conventional pastures.

Because it produces forage of high nutritive value in late summer
and autumn, lucerne would appear to be ideal for ‘'flushing' ewes prior
to mating. However, lucerne has been shown to contain oestrogenic
compounds which impair the reproductive performance of ewes. The phyto-
oestrogens, the coumestans, and to a lesser degree the isoflavones, may
reach high concentrations in lucerne leaf material, and the coumestans
have been shown to lower lambing percentages. This depression in lambing
percentage is related to a reduction in ovulation rates.

An understanding of those mechanisms involved in the lucerne -
induced depression of ovulation rates would be of considerable advantage.
It may enable management practices to be devised, that would allow lucerne
to be utilized in achieving optimum ewe liveweights prior to tupping,

without incurring any loss in reproductive performance.
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CHAPTER I

REVIEW OF LITERATURE

(A) PHYTO-OESTROGENS

The term 'oestrogen' originally referred to certain steroid
hormones secreted by the ovary. The development of the Allen-Doisy
vaginal smear test in 1923 provided a wider definition of oestrogenicity.
'An oestrogen is any pure chemical substance which, when injected into
adult ovariectomized mice or rats, produces cornification of the vagina,
similar to that occurring during oestrus in the normal intact animal’
(Allen and Doisy, 1923).

The occurrence of oestrogenic substances in plants was first
reported in 1926 (Dorhn et al., 1926; Fellner, 1926; Loewe, et al., 1927) an
the first oestrogen to be isolated and identified in the plant world was
oestrone, extracted from the oil palm (Butenandt and Jacobi, 1933).
Consequently several compounds closely resembling the natural steroid
oestrogens were isolated from a number of plants. An oestriol-like
compound was extracted from willow catkins (Skarzynski, 1933), and
from liquorice root (Costello and Lynn, 1950). A creeper claimed by
the Chinese to possess aphrodisiac properties was shown to contain miro-
oestrol (Jones and Pope, 1961) and plants used for contraceptive

purposes in India and China contained psoralidin (Dattagupta et al., 1960).

(i) Phyto-Oestrogens in Pasture Plants

When Bennetts, Underwood and Shier (1946) demonstrated an infertility
syndrome affecting ewes grazing subterranean clover pasture (Trifolium

subterraneum L var. Dwalganup), they provided strong presumptive evidence

of the presence of an oestrogen. This was confirmed by Curnow et al.,

(1948) who showed the oestrogenic activity of ether extracts of
subterranean clover; and supported indirectly by East et al., (1949)

with the demonstration of a protective action of androgen injections to



sheep grazing clover pastures. Oestrogenic activity was also attributed
to red clover (Pope, 1954), lucerne (Coop and Clark, 1960) and red clover
and lucerne hay (Cheng et al., 1953).

In 1951 Bradbury and White succeeded in isolating two isoflavones
from subterranean clover extract; 7-hydroxy-4'-methoxy isoflavone
(formononetin) and 5:7:4'-trihydroxy isoflavone (genistein). Genistein
was also isolated from red clover (Pope and Wright, 1954; Curnow and
Rossiter, 1955; Wong, 1962), and from white clover and lucerne
(Guggolz et al., 1961). Subsequently the isoflavones 7:4'-dihydroxy
isoflavone (diadzein), 5:7-dihydroxy-4'-methoxy isoflavone (biochanin A),
and 5:7:3'-trihydroxy-4'-methoxy isoflavone were isolated from both
subterranean and red clovers (Livingstone et al., 1961). These isoflavones
were all shown to be oestrogenic (Bradbury and White, 1954; Moule et al.,
1963), and their synthetic analogues were shown to be of equal oestrogenic
potency (Cheng et al., 1954).

Bickoff et al., (1957; 1958) isolated a crystalline substance of

oestrogenic nature from ladino clover, strawberry clover and alfalfa
(lucerne). This compound was not an isoflavone but a benzofurocoumarin
derivative - a class later named 'coumestans'. Bickoff proposed the
name 'coumestrol' for this oestrogenic compound which proved to be 30
times more potent than genistein (Bickoff et al., 1958). Coumestrol
and the non-oestrogenic 4'-methoxycoumestrol, have since been detected
in red clover, subterranean clover and burr clover (Lyman et al., 1959).
In addition, six other coumestans have been isolated from lucerne
(Bickoff et al., 1964) and from ladino clover (Bickoff et al., 1965).
The coumestans were later shown to be biogenetically related to the
isoflavones (Grisebach and Barz, 1963).

Until recently the most commonly used method of measuring the

oestrogenic potency of a phyto-oestrogen has been the mouse uterine



response. However difficulties have often arisen in attempting to
correlate results obtained with mice and other laboratory animals, to
the results obtained under field conditions with farm animals (Morley
et al., 1968). Bickoff and co-workers (1962) compared the oestrogenic
potencies of orally fed phyto-oestrogens and steroid oestrogens, with
injected administration in mice. Braden et al., (1967) made similar
comparisons using ovariectomized ewes. The comparative potencies are
shown in Table 1-1.

TABLE 1-1: THE RELATIVE POTENCIES OF PHYTO-OESTROGENS ADMINISTERED
ORALLY OR INTRAMUSCULARLY

OESTROGEN MOUSE EWE

ORAL I/M ORAL I/M
Diethylstilboestrol 100,000 100,000 100,000 100,000
Oestrone 6,900 6,900 6,900 6,900
Coumestrol 35 35 9 35
Genistein 1.5 1.5 0.07 1155
Diadzein 0.4 0.4 0.02 0.4
Biochanin A 1.0 1.0 0.05 1.0
Formononetin negligible negligible 0.06 negligible

from Bickoff et al., (1962), Braden, et al., (1967) and
Wong and Flux, (1962)
Despite the relatively low potencies of the phyto-oestrogens, they
are present in certain forages in sufficient quantities to influence
animal physiology. The structures of the phyto-oestrogens are shown

in FIG 1-1.
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(ii) Factors Influencing Phyto-oestrogen Levels

Investigations have shown that there is considerable variation in
the oestrogenic potency of pasture plants and that this is influenced by
both environmental and genetic factors.

GENETIC: Bradbury and White (1954) tabulated over 50 different
species of plants reported as oestrogenic. There is variation between
species in the ratio of coumestans to isoflavones. The coumestans are
the dominant source of oestrogenicity in lucerne (Bickoff et al., 1962),
ladino clover (Guggolz et al., 1961), the annual medics (Bennett et al.,
1967b; Francis and Millington, 1965a; Millington et al., 1964a) and
white clover (Wong et al., 1971). The isoflavones account for most of
the oestrogenicity of subterranean clover (Millington et al., 1964b) and
red clover (Wong, 1962).

Wide variations in oestrogen levels are also evident between
varieties and between lines within a species; in lucerne (Francis and
Millington, 1965a; Stob et al., 1957; Stuthman et al., 1967),
subterranean clover (Francis and Millington, 1964; Davies and Dudzinski,
1965) and red clover (Francis et al., 1967). Francis and Millington
1965b) treated subterranean clover seed with a mutagenic agent and
produced a number of mutant plants of very low oestrogenicity.

ENVIRONMENTAL: Nutrient deficiencies influence the oestrogen

content of pasture plants. Oestrogenic activity has been shown to
increase significantly when phosphate deficiencies occur in subterranean
clover (Alexander and Rossiter, 1952) and in red clover (Rossiter and Beck,
1966b; Butler et al., 1967). Concentrations of formononetin were most
affected although diadzein and biochanin A levels also increased (Rossiter
and Beck, 1966b). Severe deficiencies in sulphur (Rossiter, 1970;
Rossiter and Barrow, 1972), and in nitrogen (Rossiter, 1969) can almost
double formononetin levels.

Pieterse and Andrews (1956) and Kohler and Bickoff (1961) found

that coumestrol levels increased proportionally with maturation of lucerne



5.
plants. Francis and Millington (1965a) demonstrated a similar trend
in annual medics.

Oestrogenicity is reported to fall dramatically after the harvesting
and drying of subterranean clover (Francis and Millington, 1965c), and
of lucerne (Bickoff et al., 1959; 1960a; Livingstone et al., 1961).
Commercial dehydration has a similar effect (Francis and Millington,
1965a). In contrast, lucerne silage is more potent than the green
lucerne from which it is produced (Pieterse and Andrews, 1956).

There are conflicting reports on the effects of high temperatures
(Coleman et al., 1965; Loper and Hanson 1964; Rossiter and Beck, 1966a),
season (McLean, 1967; Squires, 1966) and location (Millington et al.,
1964a), on oestrogen levels of pasture plants.

Bickoff et al., (1960b) noted that a disease-infected sample of
white clover contained considerably more oestrogenic activity than
comparable disease-free samples. Subsequently, a strong correlation
has been reported between pathogenic attack of lucerne and of white
clover, and coumestrol levels (Bennett et al., 1967a; Wong and Latch,
1971). Two leaf-spotting organisms shown to be implicated are

Leptosphaerulina briosiana (Loper and Hanson, 1964), the fungal organism

of 'Pepper spot' disease; and Pseudopeziza medicaginis (Loper and

Hanson, 1964), the causal organism of 'common leafspot'. Loper et al.,
(1967) found that coumestrol content was very high in the necrotic lesions
of infected leaves, and that selection of plants for disease resistance,
or the use of fungicidal agents, markedly reduced coumestrol levels.
Infestation of lucerne by aphids has also been shown to cause a build-up
of coumestans (Hanson et al., 1965; Loper, 1968).

The accumulation of coumestrol following pathogenic attack may be
implicated in some non-specific disease resistance mechanism. There 1is
considerable data showing that phenolic compounds are formed in plants
subjected to pathogenic attack or physical damage (Farkas and Kiraly, 1962).

The 'Phytoalexin Theory' (Ingham, 1972) proposes that a group of phenolics -



the phyto-alexins - which exhibit antifungal properties, are produced
by plant cells as a result of pathogenic attack. Coumestans appear not
to have antifungal properties, but they are structurally similar to
rhyto-alexins. It is suggested that both these compounds arise from a
common biosynthetic pathway (Ingham, 1972).

In summary, it can be stated that although several environmental
factors may contribute to wide variation in the oestrogenicity of
pasture plants, the presence of pathogenic disease is the single most

influencing factor.

(iii) The Metabolism of Phyto-oestrogens in Sheep.

When considering the biological effects of phyto-oestrogens, of
particular importance are the metabolic changes that they undergo within
the animal.

The presence of a microsomal enzyme system in a number of animal
species, including sheep, which catalyses the demethylation of iso-
flavones has been reported (Nilsson, 1963). It was demonstrated that the
major reaction occurring to biochanin A and formononetin incubated in
sheep rumen liquor, is demethylation to genistein and diadzein
respectively (Nilsson, 1961). There was no evidence to suggest more
extensive metabolism in vivo than was demonstrated in vitro (Batter ham
et al., (1965). Subsequent investigations using radioactive isotopes
(IQC) confirmed that the products of metabolism of formononetin were
diadzein and 7:4'-dihydroxy isoflavone (equol) (Nilsson,t al., 1967;
Batterham et al., 1971). About 70 percent of the formononetin ingested
by sheep is converted to urinary equol, together with a small amount of
diadzein, desmethylangolensin (Batterham et al., 1971), O-methyl equol
and angolensim (Cox and Braden, 1974). The pathwéys of formononetin
metabolism in sheep are shown in Fig. 1-2.

Formononetin is of negligible oestrogenic potency if administered

to sheep via intramuscular or intravenous pathways, whereas a much greater

oestrogenic activity is apparent if administered intra-ruminally



Fig.12 THE METABOLISM OF FORMONONETIN IN SHEEP

HO OH
Angolensin

T

EEEEE) major pathway
C———> minor(or possible)

pathway




Braden 25_31., 1967). In contrast, equol proves to be oestrogenically
active when administered intramuscularly (Shutt and Braden, 1968).
Furthermore high levels of equol are excreted in the urine of sheep
grazing oestrogenic clovers (Shutt et al., 1967; 1970). Equol is the
predominant phyto-oestrogen in digesta and excretia of sheep grazing
clovers with high formononetin content (Shutt et al., 1970). Formononetin
consequently is now considered to be the most important isoflavone in
terms of oestrogenic activity, although it has little oestrogenic
activity itself. Differences in oestrogenicity between strains of
subterranean clover have been related to their formononetin content
(Lindsay and Francis, 1968; Davies et al., 1970). O-methyl equol and
desmethyl angolensin are somewhat less oestrogenic than equol (Micheli
et al., 1962).

Little is known of the metabolism of coumestans in sheep. The
demethylation of 4'-methoxy coumestrol to coumestrol has been demonstrated
in vivo (Shutt et al., 1969) and iﬂ vitro (Adler and Weitzkin-Neiman,
1970).

Braden et al., (1967) were unable to find any obvious metabolic
products in the urine or plasma of sheep given coumestrol intra-ruminally.
Cayen and Common (1965), feeding tritiated coumestrol to chickens, were
unable to detect any radioactive urinary equol, suggesting different metabolic
pathways for the coumestans than for the isoflavones.

Less than 1 percent of the daily intake of phyto-oestrogens are
excreted as such in the faeces or urine (Shutt Eﬁ_il" 1970) . The phyto-
oestrogens and their metabolites are absorbed, largely from the rumen,
and circulate in the blood. Plasma of sheep grazing oestrogenic clover
contains water-soluble conjugates of diadzein, genistein and biochanin
A - mainly in the form of glucuronides (Shutt et al., 1967; Lindner,
1967; Beck and Knox, 1971).

Plasma from sheep fed synthetic coumestrol or medic hay, contains



water-soluble conjugates of coumestrol and free coumestrol, but 4-methoxy
coumestrol is not present (Shutt et al., 1969).

Levels of conjugated phyto-oestrogens, both isoflavones and
coumestans, are considerably higher than levels of free phyto-oestrogens
(Wong and Cox, 1972). As well as conjugates of glucosiduronates,
relatively high concentrations of sulpho-conjugates have been isolated

from sheep plasma (Wong and Cox, 1971).

(iv) Phyto-oestrogens and Reproductive Failure in Sheep

(a) Isoflavones

CLOVER DISEASE - The classical infertility syndrome associated

with ewes exposed for prolonged periods to oestrogenic subterranean clover
pastures, is a permanent depression in fertility. This infertility
syndrome, which became known as 'clover disease', was first reported by
Bennetts, Underwood and Shier in 1946. They described dramatic decreases
in lambing percentages (by up to 90%), a high incidence of dystocia,

uterine prolapse months after parturition or even in unbred ewes, and

copious milk secretion in virgin and non-pregnant ewes (Bennetts et al.,
1946; Bennet, 1966). In wethers, enlargement of the teats and induction

of lactation is common; and in ewes, the pathological condition, cystic
glandular hyperplasia, is almost always found in the cervix and uterus,
(Bennetts et al., 1946; Barrett et al., 1961). 'Clover disease' has

a high degree of permanence, persisting for periods of several years, if

not for the lifetime of the ewe, after the ewes are removed from oestrogenic
pastures (Schinckel, 1948; Underwood and Shier, 1951; Barrett, et al., 1965;
Turnbull et al., 1966).

Subsequent investigations have indicated that the main cause of
infertility is the failure of ova to be fertilized (Turnbull et al., 1966;
Lightfoot et al., 1967; Kaltenbach and Davies, 1970; Lightfoot et al.,
1974; Wroth and Lightfoot, 1976). The establishment of a reservoir

of spermatozoa in the cervix immediately after mating, is necessary for



normal fertility in sheep (Mattner, 1966), and sperm movement within

the tract of 'clover disease' effected ewes is impaired. The numbers of
sperm within the cervix (Turnbull et al., 1966; Lightfoot et al., 1967;
Kaltenbach and Davies, 1970; Lightfoot et al., 1974), within the
fallopian tubes (Turnbull et al., 1966; Lightfoot et al., 1967;
Kaltenbach and Davies, 1970), and adhering to the zona pellucida of
recovered ova (Lightfoot et al., 1974; Wroth and Lightfoot, 1976), are
much lower than in 'normal' animals.

The rheological properties of cervical mucus are important in the
establishment and retention of a population of sperm in the cervix
of the ewe (Gibbons and Mattner, 1966), and the visco-elasticity of
cervical mucus is decreased in ewes affected by 'clover disease' (Smith,
1971; Adams, 1976a). Adams (1977) showed that spinbarkheit of cervical
mucus could be related to lowered reproductive performance of ewes
exposed to oestrogenic pasture.

Evidence for a higher than normal incidence of embryonic mortality
(Turnbull et al., 1966; Kaltenbach and Davies, 1970),diminished ovarian
activity (Lightfoot et al., 1967; Hearnshaw et al., 1972; Adams, 1973;
1976b), anovulatory oestrus (Firth et al., 1977) and abnormal cycle
lengths (Underwood and Shier, 1951; Obst and Seamark, 1970) is
equivocal.

TEMPORARY INFERTILITY - When ewes grazed oestrogenic red clover over

the mating period only, a depression in the incidence of multiple births
and in conception ratés was evident (Morley et al., 1964; Clark, 1965).
However, fertility and fecundity were restored to normal levels within
five weeks of removal of ewes from oestrogenic pasture (Morley et al.,
1966) . Chang (1963) noted a similar transient loss of fertility.

There is conflicting evidence as to whether the depression of

multiple births is due to a depression in ovulation rate. Morley et al.,
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(1964) and Holst and Braden, (1972) found no evidence of depressed
ovulation rates. However, recent work has shown ovulation rates to be
depressed in ewes mated on oestrogenic subterranean clover (Lightfoot

and Wroth, 1974; Wroth and Lightfoot, 1976).
(b) Coumestans

In the early 1960's Coop and Clarke first reported a depression in
the lambing percentage of ewes grazing lucerne at the time of mating.

A similar response was reported in ewes mated on white clover (Sanger
and Bell (1959). Coop and Clarke (1960) noted a dramatic decrease

in twinning rate and a small, non-significant increase in the incidence
of barrenness.

A number of subsequent trials have confirmed their findings,
showing reductions in lambing percentages of up to 40 percent (Kelly
et al., 1976a; McCutcheon, 1976; Scales and IMoss, 1976; Scales et al.
1977). These trials are summarized in Table 1-2.

It was established that the decrease in lambing percentage, was due
to a decrease in the number of multiple births and not to increased
barrenness (Scales and Moss, 1976; McCutcheon, 1976; Scales et al.,
1977). Furthermore, this depression in multiple birth rate was related
to a reduction in ovulation rate and not to increased embryonic mortality
(McCutcheon, 1976; Jagusch et al., 1977; Scales et al., 1977).

It is apparent that ewes of a higher inherent ovulation rate are
most affected by coumestans (See Table 1-2).

There have been conflicting reports on the ability of the coumestans
to inhibit or delay oestrus, and to induce anovulatory oestrus or
follicular abnormalities. Kelly et al., (1976a) reported a high
incidence of anovulatory oestrus and prolonged oestrus cycles, when they

administered extremely high levels (c 1000 ppm) of coumestans. Moderately



TABLE 1-2 OESTROGENIC LUCERNE AND REPRODUCTIVE PERFORMANCE
7% DECREASE 7% DECREASE 7% DECREASE % INCREASE
BREED N IN IN MULTIPLE IN OVULATION IN
LAMBS BORN BIRTHS RATE BARRENNESS
Coop & Clarke (1960) Corriedales 370 6 6 - 0
Border-Corr 242 15 % 11 * - 2
Romney 350 6 - = 2
Border-Corr 600 7 * 7 * - -
Corriedales 610 5 7 - 0
Scales & Moss (1976) Romneys 309 13 13 - 3
Coopworths 539 23 =* 32 * - 1
McCutcheon (1976) Border—-Romn 80 8 * 23 * 23 * 2.5
Jagusch, Smith & Kelly (1977) - 1000 18 - More 0
Single
Ovul.
Coop (1977) Border-Corr 900 - 20 * - 2
Scales, Moss & Kelly (1977) Romneys 309 16.4 13.7 = 257
Coopworths 539 37.8 * 32.3 * - 1.0
Romneys 284 22.0 2155 12 0.7
Coopworths 146 27.9 * 23.6 * 24 * 5l

* - Flocks of High Fecundity

11
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high levels of coumestan,such as occur in field conditions (100-400ppm),

apparently do not induce such abberations (Scales et al., 1977).

(B) THE MECHANISM OF ACTION OF OESTROGENS

The current model for oestrogen action in target tissues indicates
that after entering a target cell, the hormone binds with high affinity
to a cytoplasmic protein - the 'oestrogen receptor' - to form a complex.
This complex undergoes rapid translocation to the nucleus, where it
probably interacts with chromatin acceptor sites (Gorski and Gannon,
1976). Considerable evidence suggests that the presence of the receptor-
oestrogen complex in the nucleus is a prerequisite for oestrogen-induced
stimulation (Jenson and De Sombre, 1973). The nature of the oestrogen-
induced biosynthetic events, depends not only on the quantity of receptor
complexes within the nucleus, but also on the length of time the complexes
stay within the nucleus (Anderson et al., 1975; Lan and Katzenellenbogen,
1976). Thus a single injection of oestriol, a weak oestrogen, can
initiate only early biosynthetic events (0-6 hours) and is ineffective
in stimulating later events (20-48 hours), presumably because of its high
rate of dissociation from the receptor and its rapid clearance (Anderson
et al., 1975). However, oestriol can be as effective as oestradiol
in stimulating later responses if high circulating levels are maintained
(Clark et al., 1977).

When oestriol is administered in acute doses, it acts as an oestrogen
antagonist. It appears to compete with oestradiol for receptors (Clark
et al., 1977). Oestrone apparently competes with oestradiol also
(Wise and Payne, 1975).

A number of non-steroidal compounds act as anti-oestrogens, preventing
the full expression of oestrogenic steroids on target tissues. Anti-
oestrogens bind to oestrogen receptors (Capony and Rochefort, 1977) and

induce translocation of receptors into the nucleus in the absence of



Fig. 13 POSTULATED MECHANISM OF OESTROGEN ACTION WITHIN TARGET CELLS
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oestrogen, while inhibiting the translocation of receptor-oestrogen
complexes (Ruh and Ruh, 1974). Receptor synthesis may also be
blocked (Katzenellenbogen et al., 1977).

Paradoxically, in the absence of oestrogens, anti-oestrogens can
stimulate some 'oestrogenic' responses (Fergusson and Katzenellenbogen,
1977). The effect of an anti-oestrogen is not identical in all target
tissues, but differs between uterus, pituitary and hypothalamus
(Luine and McEwen, 1977).

The postulated mechanism of action of oestrogens on target cells is

outlined in Fig. 1-3.

(C) EXOGENOUS OESTROGENS AND REPRODUCTION IN THE EWE

(i) The Oestrous Cycle

Behavioural oestrus can be induced in anoestrous ewes by the
administration of exogenous oestrogens (Moore and Robinson, 1957; Morley
et al., 1963; Piper and Foote, 1968; Goding et al., 1970; Radford
et al., 1970; Scaramuzzi et al., 1971la). The sensitivity of ewes to
exogenous oestrogen is related to plasma progesterone levels (Moore
and Robinson, 1957; Scaramuzzi et al., 1971b), and to breeding season
(Reardon and Robinson, 1961; Fletcher and Lindsay, 1971a). The implication
of oestrogens with behavioural oestrus has been confirmed in experiments
involving the administration of antisera to endogenous oestrogens.
Scaramuzzi (1975) and Fairclough et al., (1976) prevented the occurrence
of behavioural oestrus by immunizing sheep against oestradiol. Cox
and Wilson (1976) repeated this result with anti-oestradiol and anti-
oestrone sera, but found that immunization against phyto-oestrogens did
not prevent oestrus.

Scaramuzzi et al., (1971a) and Land et al., (1972) found a linear
relationship between the dose of exogenous oestrogen and the duration

of the induced oestrus. Land et al., (1972) suggested that a breed
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difference in sensitivity to exogenous oestrogens exists; with highly
fecund breeds being more sensitive in relation to this oestrus response.
Scaramuzzi et al., (1972) found a refractoriness to oestrogen, with ewes
showing a decline in response to repeated daily injections of oestradiol
benzoate. Morley et al., (1963) administered stilboestrol daily to
cycling ewes prior to and during mating, and reported decreased conception
rates, and an increase in the incidence of silent heats.

Oestradiol injections given after day 8 of the oestrous cycle, result
in premature luteolysis in intact ewes (Stormshak et al., 1969; Hawk and
Bolt, 1970; Bolt and Hawk, 1971), but not in hysterectomized ewes
(Stormshak et al., 1969). This luteolytic effect of oestrogen is possibly
mediated through the stimulation of uterine prostaglandin Fj« (PGFy«) .
Cox et al., (1974) and Barcikowski et al., (1974) reported increased
PG Fp« secretion coinciding with endogenous oestrogen peaks on days 14-15
of the oestrous cycle. However, there was no coincidental PGFj,, rise with
oestrogen peaks on days 4-5. Increases in PGFy« secretion following the
infusion of physiological doses of oestradiol into uterine plasma, have
been noted (Barcikowski et al., 1974; Ford et al., 1975).

Obst and Seamark (1970) reported that plasma progesterone levels in
sheep grazing oestrogenic clover, fell to 'oestrus' levels earlier than
in sheep grazing pasture (days 14-15 compared with days 17-18). This
supports the findings of Ligltfoot and Wroth (1974) who reported that corpora
lutea of clover-affected ewes weighed less than those of normal ewes.
However, Hearnshaw et al., (1972) and Smith (1975) found clover infertile
sheep to have normal progesterone secretion patterns.

Recently Newsome and Kitts (1977) measured receptor-bound oestrogen
levels in ewes grazing lucerne and found that receptor-bound endogenous
oestrogen levels were lower and more uniform than those of ewes grazing

pasture.
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(ii) Gonadotrophin Secretion

LUTEINIZING HORMONE - A relationship between steroid oestrogens and

the pre-ovulatory LH surge was suggested as early as 1934, when Hohlweg
found that oestrogen injections induced ovulation in rats. This
'Hohlweg effect' is also evident in the ewe (Hammond, 1945).

Moore et al., (1969) and Cox et al., (1971) demonstrated that the
pre-ovulatory release of LH during oestrus in the ewe is primarily a
response to high levels of circulating oestrogens the previous day.
However, although oestradiol injections administered to cyclic ewes on
days 3-4 of the oestrous cycle induced a pre-ovulatory type LH surge,
injections of a similar dose level on days 10-12 did not (Bolt et al.,
1971). Much higher dose levels are required at this *ime (Howland
et al., 1971). These variations in response to exogenous oestrogens
would appear to be related to plasma progesterone levels, however, there
are conflicting reports on the ability of progesterone to block this
oestrogen-induced LH surge (Yuthasastrakosolet al., 1974).

This pre-ovulatory-type LH surge can also be induced in anoestrous ewes
(Goding et al., 1969; Radford et al., 1970; Beck and Reeves, 1973)
and much smaller dose levels of exogenous oestrogens are required

(Howland et al., 1971).

Exogenous oestrogens exert a somewhat more complex influence on
ovariectomized ewes. Ovariectomy, and the subsequent decrease in plasma
oestrogen levels, results in an elevation of basal LH levels in anoestrous
ewes (Reeves et al., 1972; Diekman and Malvern, 1973). The administration
of exogenous oestrogen to ovariectomised ewes induces a biphasic response
in circulating LH levels - an initial depression followed by a large
elevation, similar to pre-ovulatory levels (Radford et al., 1969; Goding
et al., 1970; Scaramuzzi et al., 1971b; Howland and Palmer, 1973).

Central nervous system blockade by sodium pentobarbitone anaesthesia,

prevents only the second phase of the LH response (Radford and Wallace,

1974) . This indicates a non-nervous site for the inhibitory action, and a
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CNS site for the stimulatory action on LH release.

Not only is there variation in the sensitivity of ewes to exogenous
oestrogen between the breeding season and the anoestrons period, but there
is also variation in sensitivity between breeds. Finnish Landrace
ewes are less sensitive than Scottish Blackface ewes (Land et al., 1976)
to the negative-feedback effects of oestrogen, and this is suggested as
a possible reason for variation in ovulation rates between
breeds.

The ingestion of phyto-oestrogens disrupts these responses to
exogenous oestrogens. Hearnshaw et al., (1972) found that ovariectomized
ewes affected by 'clover disease' failed to produce any LH response to
oestradiol injections. Synthetic Gonadotrophin releasing hormone (Gn-RH)
does evoke the pre-ovulatory type LH response (Findlay et al., 1973).

This suggests that prolonged exposure to isoflavones impairs hypothalamic
receptors. Hearnshaw et al., (1977) postulated that 'temporary infertility'
associated with isoflavones may also be related to the disruption of

normal LH secretion patterns. They found that feeding oestrogenic clover
to ovariectomized ewes, caused an initial depression then a rapid

elevation of LH levels. Thus the response to oestrogenic clover paralleled
the response obtained by administration of steroid oestrogens. There

are no reports on the effects of coumestans on LH secretion patterns.

FOLLICLE STIMULATING HORMONE - Unilateral ovariectomy of cyclic

ewes (Findlay and Cumming, 1977) or bilateral ovariectomy of cyclic or
anoestrous ewes (Salamonsen et al., 1973), causes basal FSH levels to rise.
This suggests that basal levels of FSH are regulated by oestrogen through
a negative feedback system. As unilateral ovariectomy invokes a much
greater response in FSH than in LH levels (Findlay and Cumming, 1977),

it is suggested that FSH is more sensitive to negative feedback effects

from the ovary than is LH - a situation which is also apparent during the
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pre-ovulatory period in the intact ewe (Salamonsen et al., 1973; Baird and
Scaramuzzi, 1976).

Infusion of oestradiol-178 into anoestrous ewes causes a dramatic
increase in FSH release, coincident with LH release (Jonas et al., 1973;
Salamonsen et al., 1973; Reeves et al., 1974; Pant, 1977) and
in a similar pattern of secretion to that which follows administration of
Gn-RH, except for an increased time lag (Jonas et al., 1973).

The addition of oestradiol to ovine pituitary cultures, even at
extremely low concentrations, causes a dramatic decrease in FSH
synthesis (Miller et al., 1977a; Steinberger and Chowdhury, 1977).
However, the adminstration of oestradiol in vivo did not alter pituitary
FSH levels (Steinberger and Chowdhury, 1977).

There are no reports on the effects of phyto-oestrogens on FSH

secretion patterns.

GONADOTROPHIN RELEASING HORMONE - In 1964 Bognadove postulated that

the variation in LH secretion throughout the oestrous cycle, was due to
a change in pituitary responsiveness to Gn-RH. Gn-RH induces a greater
change in serum LH (Reeves et al., 197la) and FSH (Hooley et al., 1974) during
an eight hour period on day 1, than at any other stage of the cycle.
However, some workers have failed to find the variation in response
(Foster and Crighton, 1974). A strong correlation between the oestradiol:
progesterone ratio and the LH response to Gn-RH has been demonstrated
(Thimonier et al., 1974; Pelletier, 1976). When progesterone levels are
high, as in pregnancy, both FSH and LH responses to Gn-RH are reduced
(Chamley et al., 1974a; 1974b). Similarly, daily progesterone injections
suppress FSH and LH responses to Gn-RH (Hooley et al., 1974).

The administration of exogenous steroid oestrogens also affects
pituitary responsiveness. Oestradiol benzoate administration to anoestrous

ewes, increases the LH response to Gn-RH (Reeves et al., 1971b). More
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precise studies have shown that oestrogens have a biphasic effect on
pituitary responsiveness. When given a few hours (4-6) prior to Gn-RH,
oestrogens depress the LH response, but an amplified effect of Gn-RH

is observed if the time between oestrogen and Gn-RH treatments is
extended (Pelletier and Signoret, 1970; Libertum et al., 1974). From
changes in the FSH : LH ratio, it would appear that the inhibitory effect

of oestrogen, influences FSH more than LH secretion (Libertum et al., 1974).

(iii) The Reproductive Tract

CERVICAL MUCUS SECRETION - Copious mucus secretion by the ovine

cervix is generally attributed to oestrogen. Administration of oestradiol
benzoate to ovariectomized ewes increases cervical mucus secretion (Moore
and Robinson, 1957) and the response is linear (Allison, 1972). Rexroad
and Barb, (1977) found that this increase in mucus production was not
accompanied by any change in spinnbarkheit, chloride content or percentage
dry matter.

The ingestion of phyto-oestrogens has also been shown to increase
cervical mucus production for both isoflavones (Lindsay and Francis,
1968; Smith, 1971; Kelly et al., 1976b) and for coumestans (Kelly et al.,
1976a). Adams (1976a) disputed that an increase in the amount of mucus
produced did in fact occur, but that the visco-elasticity of the mucus was
decreased by phyto-oestrogens. He showed that 'clover disease' ewes
had lower spinnbarkheit (Adams, 1977). The sensitivity of ewes to
exogenous steroid oestrogens is diminished by prolonged exposure to phyto-
oestrogens (Adams, 1978).

OVA TRANSPORT AND FERTILIZATION - Exogenous oestrogens induce an

acceleration in ova transport through the fallopian tubes (Chang, 1966;
Restall, 1966). Holst and Braden (1972) found that phyto-oestrogens

produced a similar effect.
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The administration of oestradiol increases the rate and strength
of uterine contractions markedly (Hawke, 1975) and also increases the
number of contraction 'waves' moving towards the oviducts (Hawke, 1974).
This improves sperm transport within the female tract, increasing the
numbers of sperm found within the cervix, uterus and oviducts (Hawke
and Cooper, 1975). This is in contradiction to the effects of the
isoflavones on sperm transport. In sheep affected by clover disease,
the number of sperm entering the cervix is considerably lower than normal
(Turnbull et al., 1966). Apparently changes in the rheological properties
of cervical mucus which depress sperm transport, outweigh any advantages from
increased uterine motility.

Exogenous oestrogens apparently have no direct effects on fertilization

or on embryo survival (Hawke and Cooper, 1976).

(iv) Oestrogen Receptors

Oestrogen receptor levels are replenished in the cytoplasm of target
tissues by mechanisms which are partly dependant on protein synthesis.
Oestrogens appear to be the most potent regulator of the dynamics of
oestrogen-receptor turnover (Cidlowski and Muldoon, 1976; 1978).

Receptor concentrations in ovine endometrium vary over the oestrous cycle.
The pre-ovulatory surge of oestradiol promotes maximal receptor synthesis
(Koligian and Stormshak, 1977b), hence the concentration of receptors

is greatest at oestrus (Miller et al., 1977b). The concentration of
receptors declines after oestrus, being lowest at the time of maximum
progesterone synthesis (Miller et al., 1977b).

A single injection of exogenous oestradiol results in 60-75 percent
of cytoplasmic receptors being translocated into the nucleus (Sutherland
and Mester, 1976), the degree of translocation differing between target
tissues (Morris, 1976). Continuous administration of exogenous oestrogen
increases the concentration of cytoplasmic oestrogen receptors (Koligian

and Stormshak, 1977a; Murphy et al., 1977), but progesterone suppresses
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this oestrogen-induced increase (Hseuh et al., 1976).

Shemesh et al., (1972) demonstrated that phyto-oestrogens also
bind to oestrogen receptors. Both coumestrol and genistein compete with
oestradiol for receptors. Chamley et al., (1974c) found a greater
concentration of oestradiol-receptor complexes in 'clover disease' ewes.

This suggests that phyto-oestrogens are also able to induce the synthesis

of receptors.

(D) FOLLICLE MATURATION IN THE EWE

(i) Patterns of Follicle Growth and Atresia

Follicular growth is described as a continuum. It proceeds at
all times, at all ages, uninterrupted by pregnancy, anoestrous or other
periods of non-ovulation (Peters et al., 1975; Matton et al., 1977).

In the ewe, the numbers of follicular growth 'waves' during the
oestrous cycle have been variously reported as one (Hutchinson and Robertson,
1966), two (Brand and De Jong, 1973), and three or four (Smeaton and
Robertson, 1971). Recently Turnbull et al., (1977a) disputed the existence
of any 'waves' of follicular growth, and suggested that follicles are
growing and regressing asynchronously at any given time of the oestrous
cycle.

The initiation of growth of primordial follicles is a continuous
process in ewes (Peters et al., 1975), and the number of 'initiated'
follicles which finally ovulate is determined by the rate of atresia
during their growth phase (Hay and Moor, 1975b; Turnbull et al., 1977a).

Turnbull et al., (1977a) estimated follicle growth rates by the
mitotic index of granulosa and thecal cells. They found that irrespective
of the stage of the cycle, the growth rate was slow in follicles of up to
O0.4mm diameter, after which it accelerated until it reached a maximum in

follicles of about O.7mm diameter. This fast rate was maintained until



21.

the follicles reached a diameter of about 2mm and then declined by about
50 percent. In sheep, those follicles destined to ovulate would have

a diameter greater than 0.5mm on day 6-7 of the cycle, although not all
follicles of this diameter would ovulate. In Merinos with an ovulation
rate of 1 to 2, about 3-4 follicles enter the rapid growth phase each
day (Turnbull et al., 1977a). In single ovulator breeds, follicles of
a diameter greater than lmm have a slower growth rate than do follicles
of a similar size range in multiple ovulator breeds (Turnbull et al.,
1977b). Thus for the same total number of follicles present, the multiple
ovulator will have a greater number capable of ovulation, when compared
with a single ovulator (Dufour and Matton, 1977; Dufour, 1976). The
number of follicles which actually do ovulate,is apparently determined
within the 3 days prior to oestrus (Land, 1973; Findlay and Cumming,

1977; Bherer et al., 1977).

(ii) Hormonal Control of Follicle Growth and Atresia

GONADOTROPHINS - The initiation of growth of primordial follicles

appears to be independant of gonadotrophin levels (Lunenfield et al.,
1975; Peters et al., 1975). Two intra-ovarian factors have been
demonstrated to influence the initiation of follicular growth; (a)

the size of the pool of non-growing follicles - a reduction in pool size
causes fewer follicles to start growing (Krarup et al., 1969) (b) the
degeneration of large follicles - large follicles apparently release a
substance that suppresses growth initiation (Peters et al., 1973).

There is evidence that the administration of gonadotrophins (PMSG)
to ewes, will increase the number of 'initiated' follicles entering the
rapid growth phase, prevent atresia in large follicles (Hay and Moor,
1975b; Turnbull et al., 1977a), and increase ovulation rates (Cumming
and McDonald, 1967). Conversely, the reduction of FSH and LH levels by

the administration of antisera, acutely prevents the development of
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small follicles to Graafian follicles (Welchen and Dullaart, 1976), and
even the temporary absence of LH results in follicle atresia (Schwartz,
1974).

Although a direct relationship has not been established between
FSH levels and ovulation rate (Findlay and Cumming, 1976a), there is
considerable indirect evidence for such a relationship. Unilateral
ovariectomy results in compensatory follicular growth and in ovulation
rates, in the remaining ovary (Sundaram and Stob, 1967; Mallampati and
Casida, 1970; Dufour et al., 197la; Land, 1973; Findlay and Cumming,
1977). This compensatory growth is apparent only if hemicastration is
carried out prior to 3 days before the onset of oestrus. There is a
transient increase in FSH, and to a lesser degree in LH, levels after
hemicastration.which coincides with falling oestradiol levels (Ramirez
and Sawyer, 1974; Findlay and Cumming, 1977). Oestrogen replacement
therapy suppresses both the rise in FSH levels and compensation in
follicular growth and ovulation following hemicastration (Ramirez and
Sawyer, 1974). 'Clover disease' ewes also fail to show expected ovarian
compensatory hypertrophy (Adams, 1976b).

The increase in ovulation rates in ewes fed lupin grain (Lightfoot
et al., 1976) is also accompanied by increased FSH levels (Brienigg_gl.,
1976) .

Trounson et al., (1974) reported that lambs selected on multiple
birth characteristics of their dam, had a greater number of primordial
follicles than did control lambs. They suggested that this may be related
to higher endogenous gonadotrophin levels. However, Land et al., (1973)
and Echternkamp and Laster, (1976) were unable to find any relationship
between ovulation rates and endogenous LH levels. Bindon et al., (1971)
reported a greater ovarian response to exogenous gonadotrophins by high
fecundity ewes than by low fecundity ewes. Land et al., (1972, 1976)

and Land (1976 ) have shown that high fecundity breeds are less sensitive

to the effects of exogenous oestrogens on gonadotrophin release.
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STEROID HORMONES - All follicles, including those in various stages

of atresia, secrete a range of steroids including oestrogens, androgens
and progestins (Seamark et al., 1974). The amounts and precise pattern
of steroid secretion of an individual follicle varies according to its
developmental stage. The smaller follicles produce predominantly
androgens, whereas the larger follicles produce both oestrogens and
androgens (Seamark, 1978). Atretic and non-atretic small follicles are
equally active steroidogenically.

Ovarian oestrogen secretion rises from baseline levels on day 13 of
the cycle to a peak on day 15, and then declines rapidly at oestrus
(Moor et al., 1971; Moor 1974; Edwards, 1974). These high levels of
oestrogens are secreted almost entirely by the largest one or two non-
atretic follicles (Bjersing et al., 1972; Moor, 1973; Baird et al., 1975;
Hay and Moor, 1975b). The enzyme A° 38 hydroxysteroid dehydrogenase
plays a key role in oestrogen synthesis (Moor et al., 1971) and although
it's activity appears to be confined to the thecal cells (Hay and Moor,
1975a), interaction between thecal and granulosa cells is apparently
required for oestrogen production (Moor, 1977). It is not known what
initiates this surge in oestrogen production,but exogenous gonadotrophin
(PMSG) induces increased activity of this enzyme (Moor et al., 1971).
The pre-ovulatory rise in LH terminates this surge in oestrogen production
(Moor, 1974). The Graafian follicle is extremely sensitive to minor
changes in basal LH concentrations (Bairdet al., 1976 ) and variation in
the secretion of oestradiol-178 probably reflects the response to small
pulses in LH (Wheeler et al., 1977a).

As a consequence of the pre-ovulatory changes in circulating gonado-
trophins, oestrogen production by the large non-atretic follicles is
reduced and replaced by an increase in the release of androgens and

progestins. Twelve to 18 hours prior to ovulation, the large follicles
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produce little or no oestrogen, but large amounts of progesterone

and 20= pregn-4-en-3-one (Seamark, 1978). It has been suggested that
progesterone may have an effect on the ovary independent of its influence
via the hypothalamo-pituitary axis (Rexroad and Casida, 1977). Dufour
et al., (1971b) reported that follicle growth was more rapid in ovaries
that contain a corpus luteum. Injection of progesterone into one ovary
of anoestrous ewes, with concurrent systemic administration of PMSG,
results in more rapid follicular growth, although oestrogen secretion is
unchanged, (Rexroad and Casida, 1977) and in a greater number of follicles
and corpora lutea in the injected, than in the control ovary (Harned and
Casida, 1971). Progesterone may act to alter time-dependent changes in
follicle size, thus enabling some follicles to grow while others undergo

atresia.

HORMONE RECEPTORS - It has been proposed that the selection of those

follicles destined to ovulate, is a consequence of both sequential changes
in follicular hormone receptor levels and in circulating pituitary
gonadotrophin levels (Carson et al., 1978).

As follicular growth proceeds, FSH receptor levels decrease and LH
receptor levels increase within granulosa cells (Channing, 1970; Carson
et al., 1978), but remain unchanged within thecal cells (Weiss and Armstrong,
1977; Carson et al., 1978). FSH has been shown to increase numbers of
FSH receptors; oestradiol to increase oestradiol receptors; and FSH
and oestradiol in concert to increase LH receptors, in granulosa cells
(Richards and Midgley, 1976). Termination of follicular growth by
LH-induced luteinization is associated with the loss of receptors for FSH
and oestradiol, and the subsequent increase in LH receptors (Richards

and Midgley, 1976).
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(E) OVULATION IN THE EWE

(i) Factors Influencing Ovulation Rates

Heape (1899) first reported that heavy ewes produced more lambs than
light ewes. This is related to a higher production of ova (Wallace, 1961;
Allen and Lamming, 1961; Killeen, 1967; Allison, 1968). This correlation
between bodyweight and ovulation rate has been described by Edey (1968)
who found a linear relationship within a particular weight range.

Ducker and Boyd (1977) demonstrated that it is the body condition element
of ewe liveweight, not body size, that influences ovulation rates.
However, Cumming (1977) showed that liveweight alone was as accurate

a predictor of ovulation rate as both liveweight and body condition.

Several workers have reported evidence of a dynamic effect of flushing,
independent of bodyweight, on ovulation rate (Coop, 1966a; 1966b;

McInnes and Smith, 1966; Killeen 1967) although others have found no
effect (Hulet et al., 1968; Fletcher, 1971; Cumming, 1977).

There is considerable variation in fecundity between breeds and between
strains within a breed. Ewes of higher fecundity (Trounson et al.,

1974) and their daughters (McDonald and Chang, 1966) ovulate a greater
number of follicles, and a higher proportion of the Graafian follicles
that develop (Bradford et al., 1971; Turnbull et al., 1977b). Fecundity
and ovulation rates are not related to LH secretion throughout the

cycle (Echternkamp and Laster, 1976) nor to LH peaks {Land et al., 1973).
There is some indirect evidence that FSH levels around days 12-14 are
important in determining ovulation rates at the subsequent oestrus,
(Cumming and McDonald, 1967; Brien et al., 1976; Findlay and Cumming
1976b; 1977) but there are no reports of a direct relationship between
FSH levels and fecundity. Liveweight or flushing apparently does not

influence FSH levels (Findlay and Cumming, 1976a).
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Wheeler et al., (1977b) showed that mean secretion rates of
oestradiol-178 are significantly higher in ewes with high ovulation rates,
and Land et al., (1976 ) found such ewes less sensitive to exogenous
oestradiol-induced depression of ovulation rates. Ewes of high fecundity
also show a greater response to PMSG-induced superovulation (Eastwood
and McDonald, 1975).

It has been suggested that the length of the interval from the onset
of oestrus to the time of ovulation may influence ovulation rate.

Land (1970) and Hanrahan and Quirke (1975) showed a positive relationship
between the duration of oestrus and ovulation rate. Cumming et al.,
(1973 ) demonstrated a high degree of constancy in the interval from the
pre-ovulatory LH peak to ovulation. Lindsay et al., (1975) found that
the presence of rams during oestrus induced ovulation earlier by advancing
the time of the LH surge. There appears to be a considerable variation

in the interval from the onset of oestrus to the LH surge (Lamming
rs com., 1978).

(ii) Postulated Mechanisms of Ovulation

The precise process, or processes, of ovulation remain obscure
although considerable effort has been put into identifying them. Two
major types of ovulatory mechanisms have been suggested; those
involving 'enzymatic breakdown' of follicular tissue and those involving
the 'bursting' of the follicle due to pressure changes.

There is substantial evidence suggesting that the collagenous
connective tissue of the wall of the Graafian follicle is degraded near
the time of ovulation (Espey, 1974). Collagenolytic enzymes have been
detected within ovarian follicles; both neutral and acid proteases,
capable of degrading collagen, are produced in mature Graafian follicles

(Espey and Coons, 1976).
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Although the growth and maturation of follicles occurs without a
measurable increase in hydrostatic pressure (Rodbard, 1968) a follicular
contractile process has been demonstrated. Electron microscopy shows
many cells in the theca externa of mature sheep follicles, with cytoplasmic
filaments and dense bodies characteristic of smooth muscle cells (0'Shea,
1971). Strips of follicular tissue exhibit classical contractile
activity, (0'Shea and Phillips, 1974) and autonomic innervation, both
adrenergic and cholinergic, is associated with follicles (Bahr et al.,
1974; Owman et al., 1975; Walles et al., 1976; 1977). Perfused
ovarian tissue has been shown to be electrically active (Tojo et al.,
1975).

It has been suggested that prostaglandin Fy= is involved in the
induction of ovulation (Tsafriri et al., 1972). Concentrations of
prostaglandins increase within the developing follicle late in the
oestrous cycle, most dramatically in those follicles which eventually
ovulate (Yang et al., 1974). This rise in prostaglandin levels is
apparently induced by the surge in endogenous oestradiol which occurs
at days 14-15 of the cycle, but not by earlier oestradiol peaks
(Barcikowski et al., 1974; Cox et al.1974) .Infusion of physiological doses
of oestradiol into the uterus on days 14-15 will induce comparable
prostaglandin peaks (Barcikowski et al., 1974).

Systemic or intrafollicular injection of prostaglandin Fy= induces
ovulation (Phi et al., 1977) and similarly perfusion of follicles 'EE
XEEEQ' enhances ovulation (Hamada et al., 1977). This induction of
ovulation is blocked by known prostaglandin F;x antagonists such as
prostaglandin E; and indomethacin (Carlson et al., 1974).

Yang et al., (1974) have suggested that prostaglandin F,= may be
involved in the synthesis, release or activation of collagenolytic

enzymes and Tojo et al., (1975) has shown that prostaglandin Fj«
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accelerates the electrical activity of perfused ovarian tissue.
Intrafollicular injection of LH (and in some experiments, of FSH)
will induce ovulation (Jones and Nalbandov, 1972). Most evidence
indicates that LH is the sole agent required to trigger ovulation, while
both FSH and LH are required for the development, maturation and
luteinization of follicular tissue (Rondell, 1974). It has been well
established that LH induces increased synthesis of cyclic AMP and
subsequently, increased protein synthesis (Robison et al., 1971).
Prostaglandins are capable of increasing cAMP formation (Marsh, 1971) and
conversely anti-prostaglandin agents block the stimulatory action of LH
on cAMP synthesis (Kuehl et al., 1970). Protein synthesis appears to be
an essential part of the metabolic processes supporting ovulation, as
inhibitors of protein synthesis inhibit LH-induced ovulation (Lipner and

Greep, 1971).

(iii) Blockade of Ovulation

It has been well established that indomethacin blocks ovulation in
ewes (Carlson et al., 1974; Armstrong et al., 1974; Lewis and Warren,
1975). Indomethacin blocks the LH-induced increase in prostaglandin
Fp= levels in ovarian follicles (Armstrong et al., 1974) and inhibits the
oestradiol-induced LH release in anoestrous ewes (Carlson et al., 1974).
Similarly the administration of inhibitory analoguesof LH-RH will also
effectively block ovulation (Phelps et al., 1977).

This complete blockade of ovulation is not apparent in ewes ingesting
coumestans. Oestrogenic lucerne reduces the number of ovulations, but

seldom prevents ovulation completely.
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(F) THE PURPOSE AND SCOPE OF THE INVESTIGATION

It has been clearly established that the ingestion of oestrogenic
lucerne by ewes, depresses ovulation rates. Because of the important
role of the gonadotrophins in the maturation and ultimate ovulation of
ovarian follicles, it is possible that the coumestans could alter the
pattern of gonadotrophic secretion. FSH is involved in the development
of Graafian follicles,and LH facilitates the final stages of maturation
and the induction of ovulation. The coumestan-induced depression of
ovulation rate may arise from a decreased pituitary output of these
gonadotrophins, or from changes in the pattern of their release, particularly
near the time of oestrus.

The present trials investigated the effects of oestrogenic lucerne,
fed over the oestrous cycle, on LH secretion patterns, and on the timing
of the pre-ovulatory LH-surge in relation to oestrus and ovulation
(Experiment 1). Ovarian activity was recorded as a measure of gonadotrophic
function. In Experiment II, the effects of oestrogenic lucerne on
ovarian activity, were studied when lucerne was fed early or late in
the oestrous cycle, with the view of determining the critical time

involved in the depression of ovulation rates.
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CGH AR ER I

MATERIALS AND METHODS

(A) EXPERIMENTAL PLAN

Two separate trials were carried out to investigate the effects
of oestrogenic lucerne on cycling ewes. In the first experiment
plasma gonadotrophin concentrations were measured over a complete
oestrous cycle, and in the second experiment the effects of coumestan
intake either early or late in the oestrous cycle were recorded. The
experimental procedures and calender of events are set out in

FIGS. 2-1 and 2-2.

EXPERIMENT I - 22 mixed aged Romney ewes and 20 mixed aged Border

Leicester x Romney ewes were randomly assigned to two groups with equal
numbers of each breed. At the detection of oestrus following
synchromzation, each group grazed either oestrogenic lucerne or non-
oestrogenic ryegrass/clover pasture.

Blood samples were collected from all ewes by jugular venepuncture.
Samples were taken daily for 17 days, from day 7 of experimental oestrous
cycle. On predicted day 16 of the cycle, blood samples were taken at
4-hourly intervals until the detection of oestrus; then at 2-hourly
intervals for 24 hours and at 4-hourly intervals for the subsequent
12 hours.

All ewes underwent laparotomy 3 days post-oestrus at which time
corpora lutea and surface follicles were recorded.

Over the period of intensive blood sampling, the animals were kept
in small holding paddocks and yards adjacent to laboratory facilities

(Massey University Fertility Centre). Ewes in the lucerne group were
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fed fresh lucerne cut daily from the crop.

EXPERIMENT II - 81 mixed aged Romney ewes were randomly assigned to

four groups. At the detection of oestrus following synchronization,
the groups were assigned to one of four grazing regimes; pasture
throughout the oestrous cycle, lucerne throughout the cycle, or these
treatments were interchanged at midcycle. In the latter two groups
treatments were changed on day 9 of the experimental oestrous cycle.

All ewes were slaughtered 3 days post-oestrus at the local freezing
works (Borthwicks - CWS, Longburn) . Reproductive tracts were recovered

within 15 minutes of slaughter and individually identified.

(B) LUCERNE AND CONTROL PASTURES

The lucerne crop involved in these experiments consisted of two
hectares of Wairau lucerne on a Rangitikei Loamy sand. The paddock
was sub-divided into four plots of approximately 0.5ha. Experimental
grazing commenced eight weeks after the lucerne had been previously
harvested, at which time plant heights ranged from 60 to 90cms.

Approximately 25 percent of plants were in flower and there was
moderately heavy fungal infection of plant tissue (more than 5 lesions
per leaf).

A three hectare ryegrass/white clover pasture on a Manawatu Fine
Sandy Loam adjacent to the lucerne stand was grazed by control animals.

Leaf samples of lucerne, and of white clover, were taken weekly
and assayed for coumestan content. This involved random selection of

material from 40 plants from each plot.

(C) ANIMALS

The animals utilized were 103 mixed-age Romney ewes and 20 mixed-

aged F1 Border Leicester X Romney ewes, drawn from several flocks
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maintained on Massey University farms. All ewes were identified by
numbered brass eartags and by midside brands, which were applied at
the commencement of the trial.

All ewes were weighed prior to, and at the completion of oestrus
synchronization treatment, as well as at the completion of the trial.
Ewes in Experiment I were also weighed two weeks prior to synchronization
treatment. Attempts were made to carry out all liveweight recordings

at the same hour of the day, in order to minimise variations in gutfill.

(D) OESTRUS SYNCHRONIZATION

In order to synchronize oestrous cycles, all ewes were subjected to
l4-day treatments with polyurethane intravaginal sponges containing
40mg of methyl-acetoxy-progesterone (M.A.P.). Vasectomized rams fitted
with Sire Sine harnesses were used to detect oestrus following pessary

removal.

(E) HORMONE ANALYSES

COUMESTANS - Lucerne and clover samples were subjected to ethanol
extraction (Kelly, 1976) and extracts were forwarded to Dr. R.W. Kelly,
Invermay Agricultural Research Centre, for analysis of coumestan

content.

PLASMA GONADOTROPHINS - Blood samples were assayed for ovine

luteinizing hormone by radioimmunoassay, following the double-antibody
technique of Niswender et.al.,(1969), modified according to Barrell (1976).
This assay utilized the following materials: rabbit anti-ovine LH

serum (pool 15 courtesy Dr G.D. Niswender), NIH-LH-S18 as assay
standards, and highly purified ovine LH (LER-1374A) for radioiodination.

Assay standards and samples were assayed in triplicate, with hypophysectomized
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sheep plasma added to standard curve tubes. Mean assay sensitivity
was 0.2ng/ml, and the intra-and inter-assay coefficients of variation
(CV) were 10.3 and 23% respectively.

At the time of planning of these experiments, a supply of FSH-
antisera became available. On the assumption that this assay would
be in operation, FSH analyses were to be included in experimental
procedures. However, with the immunochemicals available, binding of
iodinated FSH was inadequate, and consequently this assay was omitted

from plasma analyses.

(F) CERVICAL MUCUS ANALYSIS

Cervical mucus samples were taken from all ewes in Experiment I
at blood collection times over the oestrus period. The rams used
for detection of oestrus were fitted with canvas 'aprons' to prevent
penile intromission and subsequent contamination of cervical mucus.
Mucus samples were collected, with the aid of a speculum, using absorbent
cotton swabs.

Cervical mucus samples were assessed for chloride ion content by
the method of Turnbull et al., (1967). Silver chromate was precipitated
onto strips of Whatman No. 1 chromatography paper, by impregnating the
paper, first with 0.275 N silver nitrate and then with 0.175 potassium
chromate. Chloride ions from the mucus samples produce white to buff-
coloured spots, which are compared to sodium chloride standards. Oestrus
is associated with a rise in chloride concentrations, and ovulation with

a sudden fall in chloride levels.
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(G) UTERINE AND OVARIAN WEIGHTS

After collection at slaughter, uteri were separated from the tract
by transection immediately anterior to the cervix, dried with paper
towels and weighed.

Ovaries from each ewe were weighed separately. Where part of the
uterus, or part of an ovary, was lost at slaughter, that animal was

omitted from the analysis.

(H) FOLLICLE POPULATIONS

After collection at slaughter, the ovaries were preserved in
Bouins fluid until sectioning and assessment of follicle populations.
To assess the total ovarian follicular population, all ovaries were
sectioned into lmm slices. Follicle diameter was calculated as the
mean of two measurements taken at right angles to each other. Counts

were made of all antral follicles with a dimaeter of 2mm or greater.

(I) REPRODUCTIVE TRACT HISTOLOGY

At the time of recovery of the reproductive tract, lcm sections
of vagina, cervix, uterus and fallopian tube were taken and preserved
in Bouins Fluid for later histological examination.

Sections of 6p thickness, were taken of all tract specimens and
stained with Haematoxylin and Eosin. The mean height of epithelial
cells was calculated for all sections, by taking 25 separate measurements

from each section.

(J) ANALYSIS OF DATA

Analyses of discrete data - numbers of ovulations and follicle
populations - utilized Chi2 statistic.

Data involving:
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Ewe liveweights

LH concentration in peripheral plasma

Ovarian weights

Epithelial cell heights
were analysed by analysis of variance (Snedecor and Cochrane, 1967).

Data from 8 ewes were excluded from the analyses of LH
concentrations and ovulation rates owing to either failure of oestrus
synchronization (4 ewes) or failure to detect the pre-ovulatory LH peak
(4 ewes). Data from 9 ewes were excluded from Expt. IT due to failure
of heat detection for a variety of reasons; Sponges lost (4 ewes),
blind tracts (2 ewes), silent heat (2 ewes) and pregnancy (1l ewe).
Data from a further 12 ewes were excluded from reproductive tract
analyses, due to cystic hyperplasia (1l ewe), anovulatory oestrus (2 ewes),

or incomplete recovery of the tract at slaughter (9 ewes).
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RESULTS

(A) LUCERNE OESTROGENIC POTENCY

(i) Lucerne Coumestan Content

Mean levels of the coumestans, coumestrol and 4-methoxycoumestrol,
for each of the four plots and for clover samples, are shown in Table 3-1.

Values are given as parts per million on a dry matter basis.

TABLE 3-1: LUCERNE COUMESTAN CONTENT (ppm)

DATE PLOT A PLOT B PLOT C PLOT D CLOVER
6: 4: 77

Coumestrol 98 151 66 100 < 10

4-Methoxycoumestrol 60 106 33 77 < 10
13f: 4% N7

Coumestrol 69 122 81 110 < 5

4-Methoxycoumestrol 34 70 41 63 < 5
20: 4: 77

Coumestrol 88 94 145 172 < 5
4-Methoxycoumestrol 38 59 107 145 < 5

(ii) Daily Coumestan Intake

Sheep are capable of consuming each day, a total weight of
forage equal to 3 percent of their bodyweight. Considering that lucerne,
during its flowering stages, is approximately 24 percent dry matter,

then a conservative estimate of the daily intake of lucerne by ewes in
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this trial, would be lkg of dry matter. The mean daily intake of
coumestans, for ewes in both experiments, based on a daily intake of

lkg of dry matter, are shown in Table 3-2.

TABLE 3-2. THE DAILY COUMESTAN INTAKE (mg/day) OF EWES
INGESTING 1KG (DM) OF LUCERNE

EXPERIMENTAL STAGE OF OESTROUS CYCLE (DAYS)
GROUP

0-9 10-17 18-25

EXPERIMENT I
Pasture 2 2 1
Lucerne 117 252 173

EXPERIMENT II

Pasture 1 1 -
Lucerne 192 217 -
Past-Luc 1 217 -
Luc-Past 192 1 -

The coumestan intake of ewes grazing ryegrass/clover pasture, is
based on the assumption that white clover accounts for 10 percent of

daily dry matter intake.

(B) EWE LIVEWEIGHTS AND OESTRUS

(i) Ewe Liveweights

Mean liveweights of ewes in both experiments are listed in
Table 3-3. There were no significant differences between treatment
groups at any of the weight recordings. Similarly there were no

significant differences in the rate of weight gain between weighings.



TABLE 3-3:

MEAN EWE LIVEWEIGHTS (kg)

EXPERIMENT I

38.

PASTURE LUCERNE

NUMBER OF EWES 21 21

TIME OF WEIGHING:

Pre-Experimental 57.00 + 1.0 56.70 + 1.53

Sponge Insertion 61.50 + 0.95 60.40 + 1.31

Sponge Withdrawal 58.50 + 1.01 57.90 + 1.35
Post-Experimental 61.60 + 1.19 60.00 + 1.31

EXPERIMENT II
PASTURE LUCERNE PAST-LUCERNE LUCERNE-PAST

NUMBER OF EWES 20 21 20 20

TIME OF WEIGHING :

Sponge Insertion 57.70 + 1.61 56.00 + 1.32 57.00 + 1.58 58.60 + 0.99
Sponge Withdrawal 61.60 + 1.86 60.70 + 1.44 61.50 + 1.53 63.20 + 0.99
Post Experimental 63.80 + 1.72 62.00 + 1.30 63.20 + 1.51 63.90 + 1.15
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(ii) Oestrus Synchronization

The distribution of the onset of oestrus for both the synchronized
and the experimental oestrus are shown in FIGS 3-1 and 3-2.

In Experiment I, 93 percent of the ewes were detected in oestrus
over a four day period following sponge withdrawal. Eighty two percent
of the ewes were detected in heat over a corresponding four day period in
the following oestrous cycle.

In Experiment II, 83.3 percent of the ewes were detected over a four
day period for the synchronized oestrus and 76.5 percent in the following
oestrus. Inspection of the reproductive tracts later revealed that a
number of ewes were physiologically unable to exhibit oestrus. Two ewes had
blind reproductive tracts with only vaginal tissue present, and one ewe
was found to be pregnant. A further four ewes had lost sponges during
synchronization. Only two ewes exhibited 'silent' heats, one in the
pasture group and one in the lucerne-pasture group.

There were no significant differences in oestrus synchrony at the second
oestrous cycle between ewes grazing lucerne and ewes grazing pasture.

Similarly there were no differences in mean cycle length.

(1i11) Oestrus-Ovulation Interval

The interval between the onset of oestrus and the pre-ovulatory LH
peak, was extremely variable between animals, in both treatment groups.
Some animals were recorded as only entering oestrus, after the LH peak
had occurred. The interval length for individual sheep is shown in
FIG 3-3. There were no significant differences between ewes grazing
lucerne and ewes grazing pasture in the mean interval duration.

There were no apparent patterns shown in the chloride content of
cervical mucus samples collected. Chloride concentrations appeared to

rise and fall randomly. Consequently, the time of ovulation could not
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be estimated.

(C) LUTEINIZING HORMONE SECRETION

(i) During the Oestrous Cycle

Mean daily concentrations of luteinizing hormone in peripheral
plasma of ewes from both the pasture and the lucerne groups of Experiment I
are listed in Table 3-4. Analyses of variance between the groups were
made for each sample day. There were no significant differences in LH
secretion at any stage of the oestrous cycle. Mean plasma LH concentrations
ranged from 0.5 to 1.5 ng/ml over the cycle, excluding the pre-ovulatory

peak. The patterns of secretion are shown in FIG. 3-4.

(ii) The Pre-Ovulatory LH Peak

Mean concentrations of luteinizing hormone in peripheral plasma,
measured at 2-hourly intervals from the onset of oestrus, are shown in
Table 3-5. The pre-ovulatory LH peaks were included in this period.
Analyses of variance between the lucerne and the pasture groups, at each
sample time, failed to show any significant differences. The pre-ovulatory

LH secretion patterns are shown in FIG 3-5.
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TABLE 3-4: MEAN PLASMA LH CONCENTRATIONS (ng/ml) DURING THE OESTROUS

CYCLE IN EWES GRAZING PASTURE OR OESTROGENIC LUCERNE

DAY-7 -6 -5 -4 == =2 -1 0 +1

PASTURE 0.559 0.452 0.435 0.445 0.7561 0.949 1.03 87.05 0.591

(MeantSE) +0.17  +0.12  +0.11  +0.13  +0.12  +0.26 +0.32 +3.92  +0.1

LUCERNE 0.4065 0.573 0.3071 0.409 0.573 1.247 1.161 91.14 1.04

MeantSE) +0.13  +0.14 +0.11 +0.13  +0.5  +0.32 +0.25 +6.55 +0.11

DAY +2 +3 +4 +5 +6 +7 +8 +9 +10

PASTURE  0.9750 0.765 0.859 0.749 0.749 0.585 0.534 0.434 0.546

MeantSE) +0.36 +0.17 +0.2  +0.21 +0.19 +0.16 +0.14 +0.11  +0.16

LUCERNE 1.5648 1.037 1.041 0.571 0.399 0.673 0.408 0.433 0.556

(MeantSE) +0.41  +0.32  +0.29  +0.16 +0.12 +0.12 +0.11 +0.14  +0.13

(Day O of oestrous cycle corresponds to time of pre-ovulatory LH peak)
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TABLE 3-5:  PRE-OVULATORY PLASMA LH CONCENTRATIONS (ng/ml) IN EWES
GRAZING PASTURE OR OESTROGENIC LUCERNE
HOUR-12 -10 -8 -6 -4 -2 0 +2
PASTURE 1.13  2.43 1.85 6.04 7.99 29.20 87.05 40.26
+0.37 +0.59 +0.35 +2.39 +2.54 +4.84 +3.92  5.82
LUCERNE 1.71  1.96 3.41 2.51 18.91 39.99 91.14 46.23
+0.4  +0.67 +0.99 +0.48 +3.93  6.30 +6.55 +5.24
+ +6 48 +10  +12  +14 +16 +18
PASTURE 31.38 13.37 8.68 2.70 1.40  0.84 v.75  0.90
+4.11 +5.89 +2.68 +0.57 +0.26 +0.18 +0.19  +0.38
LUCERNE 26.19 11.63 3.24 2.40 1.11  0.83 0.72  0.51
+3.74 +3.56 +0.37 +0.25 +0.28 +0.18 +0.20 +0.08
+20 +22 +24
PASTURE 1.19  0.51 0.25
+0.38  0.24 +0.06
LUCERNE 0.41  0.44 0.66
+0.06  +0.09 +0.19
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(D) OVULATION RATES

(i) Experiment I

Mean ovulation rates for both the pasture and the lucerne groups
are shown in Table 3-6. Mean ovulation rates for the subgroups within
these treatment groups (Border Leicester x Romney ewes and Romney ewes)
are also given. Oestrogenic lucerne depressed mean ovulation rates for
all groups. The depression of ovulation rates was greater for ewes in
the Border Leicester x Romney group (0.73 ovulations per ewe) than for

ewes in the Romney group (0.59 ovulations per ewe).

TABLE 3-6: MEAN OVULATION RATES FOR EWES GRAZING

PASTURE OR OESTROGENIC LUCERNE-EXPERIMENT I

Pasture Lucerne Difference in Ovulation Rate
+
(Mean®SE) (Mean=SE) ovul"/Ewe Percent Signif(x?2)
Border L x
Romney 2.50:9.12 1.77:0.22 0.73 29.2 3.666
(8) (9)
Romney 2.09+0.16 1.50+0.15 0.59 28.3 3.216
(9 (8)
Total 2.29:9.12 1.65:9.13 0.67 29.0 11.066%*%
(17) (17)

Figure in perenthesis represents number of ewes in group.

(*%*p<0.001)

(1i) Experiment II

Mean ovulation rates for each of the four treatment groups are
shown in Table 3-7. Oestrogenic lucerne depressed ovulation rates when
compared to the control group (Pasture group), but only when it was

ingested in the latter half of the oestrous cycle.
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TABLE 3-7: MEAN OVULATION RATES FOR EWES GRAZING
PASTURE OR OESTROGENIC LUCERNE-EXPERIMENT II

TREATMENT OVULATION RATE n.
(MEAN+SE)

Pasture (P) 1.75 + 0.13 16

Lucerne (L) 1.35 + 0.12 17

Pasture-Lucerne (PL) I . 1Q) # 0= 10

Lucerne-Pasture (LP) 1.55 & 102 18

Comparisons of the differences in ovulation rates between

treatments are shown in Table 3-8.

TABLE 3-8: COMPARISONS OF THE DIFFERENCES IN OVULATION RATES
BETWEEN TREATMENTS - EXPERIMENT II

Differences Percent x2

Ovulations/ Ewe Differences Statistic Significance

P. v L. 0.40 22.9 3.3452 #

P. v PL. 0.65 37.1 8.5467 *%
P. v LP. 0.20 11.4 0.6243 n.s.
L. v Ble 0.25 18.5 2.1096 n.s.
LP.v L. 0.20 12.9 1.9983 n.s.
LP.v PL. 0.40 29.0 5.5934

(n.s. = not significant * p<0.05 ** p<0.0l # 0.1>p>0.05)

There were no significant differences in ovulation rates between
the two groups which grazed pasture in the latter half of the cycle
(Pasture and Lucerne-Pasture), or between the two groups which grazed
lucerne in the latter half of the cycle (Lucerne and Pasture-Lucerne).
However, there were differences in ovulation rate between the two treat-

ment-interchange groups.
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(iii) Corpora Lutea Diameter

The diameter of each corpus luteum was calculated as the mean of
two measurements taken at right angles at the widest point. The
mean corpus luteum diameter in ewes from each treatment group, are
shown in Table 3-9. There were no significant differences between

treatment groups.

TABLE 3-9: MEAN CORPORA LUTEA DIAMETER (mm) THREE DAYS
POST-OESTRUS

PASTURE LUCERNE PASTURE-LUCERNE LUCERNE-PASTURE

5.97 + 0.37  5.59 + 0.25 6.05 + 0.38 5.85+ 0.25

(E) FOLLICLE POPULATIONS

(i) Surface Follicles

In Experiment I, the number of unruptured follicles with a diameter
greater than 3.5mm that were present on the surface of the ovaries, was
recorded at laparotomy. This was combined with the number of corpora
lutea present to give an estimate of the total number of large follicles
present at the time of ovulation. From this 'estimate' of total follicle
numbers, the ratio of the number of large follicles present per ovulation
is calculated. These data are shown in Table 3-10.

In Experiment II, all unruptured surface follicles with a diameter
of greater than 2mm were recorded on recovery of the ovaries at slaughter.
Data from this experiment is shown in Table 3-11.

The removal of the ovaries in Experiment II enabled small follicles

to be measured with more accuracy than could be achieved in situ in

Experiment I.



TABLE 3-10:

SURFACE FOLLICLES

OF GREATER THAN 3.5mm DIAMETER, CORPORA LUTEA AND FOLLICLES PER OVULATION FOR EWES

GRAZING PASTURE OR OESTROGENIC LUCERNE-EXPERIMENT I

-
PASTURE LUCERNE b LU TG
of Diff.
n. Follicles Colis Est. Total Foll/Ovn| 0. Follicles C.L. Est. Total Foll/Ovn Foll/Ovn
x?)
Border Leic, 1.80 2.50 4.30 1.70 2.55 1.77 4.33 2.89
X Romney Ewes| 8 +0.49 H0. 17 +0.58 +0.17 9 +40.77 +0.22 +0.69 +0.73 0.5396
Romney Ewes 9 2.09 2.09 4.18 1.95 1.66 1.50 3.17 2.25
+0.65 +0.16 &0LIT2 +0.32 8 +40.53 +0.15 +0.53 +0.44 0.8261
Total 17 1.95 2.29 4.24 1.83 2.05 1.62 3617 2.52
+0.68 +0.12 +0.46 +0.18 17 +0.44 +0.13 +0.44 +0.40 5.1332%*
(* p<0.05)
Est. Total (Estimated Total Follicle Numbers ) - includes follicles plus corpora lutea and is an estimate
of the numbers of follicles present at the instant of ovulation.
n. = Numbers of animals in each group.

Ol



TABLE 3-11:

SURFACE FOLLICLES OF GREATER THAN 2.0mm DIAMETER, CORPORA LUTEA AND FOLLICLES PER OVULATION FOR EWES GRAZING

PASTURE OF OESTROGENIC LUCERNE - EXPERIMENT II

PASTURE

LUCERNE

Surf Follicle Corpora Lutea Estimated Total Follicles/Ovn

Surf Follicle

Corpora Lutea Estimated Total Follicles/Ovn

5.08_i 0.46 1.75 + 0.13 6.83 + 0.61 3.90 + 0.32

4.51 + 0.39

1.35 + 0.12 5.86 + 0.53 4.34 + 0.42

(n = 16)

(n = 17)

PASTURE-LUCERNE

LUCERNE-PASTURE

Surf Follicle Corpora Lutea Estimated Total Follicles/Ovn

Surf Follicle

Corpora Lutea Estimated Total Follicles/Ovn

4.07 + 0.43 1.5 O3l 5.17 + 0.58 4.70 + 0.52

3.81 + 0.31

1.55 + 0.12 5.36 + 0.55 3.46 + 0.39

(n = 10)

n = Number of animals in each group.

(n = 18)

LY
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(ii) Total Follicle Populations

The total numbers of follicles present, with a diameter greater
than 2mm, were recorded after dissection of the ovaries. There were
no significant differences, nor any apparent trends, evident in total
follicle populations between treatments (Table 3-12).

Estimates of the total numbers of follicles present at the instant
of ovulation were made, using the same procedure as was used in surface
follicle estimates. Similarly, the total number of follicles present
per ovulation was calculated. These data are shown in Table 3-13
for follicles with a diameter of greater than 3.5mm, and in Table 3-14

for follicles with a diameter of greater than 2.0Omm.
Total follicle populations are shown in FIG.3-7.

There were no significant differences between treatment groups, in
the mean number of follicles of a diameter greater than 2.0mm produced

per gram of ovarian tissue (Table 3-15).

TABLE 3-15: FOLLICLES OF GREATER THAN 2.0mm DIAMETER PER GRAM
OF OVARIAN TISSUE

PASTURE LUCERNE PASTURE-LUCERNE LUCERNE-PASTURE

1.93 + 0.31 1.84 + 0.26 2.23 + 0.34 2.02 + 0. 29

(F) OVARIAN AND REPRODUCTIVE TRACT RESPONSE

(i) Ovarian and Uterine Weights

Mean ovarian and uterine weights for each treatment group are
shown in Table 3-16. There were no significant differences in organ

weights between groups.



TABLE 3-12:

OVARIAN FOLLICLE POPULATIONS OF EWES GRAZING PASTURE OR OESTROGENIC LUCERNE - EXPERIMENT II

(MEAN + SE)
PASTURE LUCERNE
Follicles Follicles Follicles Total No. Follicles Per Follicles Follicles Follicles Total No. Follicles Per
2-3.5mm 3.6-5.0 >5mm Follicles Gram Ovary 2-3.5mm 3.6-5.0 >5mm Follicles Gram Ovary
3.25+0.48 1.88+0.41 0.124+0.09 5.25+0.76 1.93+0.31 2.3540.30 2.29+0.34 0.12+40.09 4.76+0.77 1.84+0.26
(n = 16) in = 17)
PASTURE-LUCERNE LUCERNE-PASTURE
Follicles Follicles Follicles Total No. Follicles Per Follicles Follicles Follicles Total No. Follicles Per
2-3.5mm 3.6-5.0 >5mm Follicles Gram Ovary 2-3.5mm 3.6-5.0 >5mm Follicles Gram Ovary
3.2 w047 2.00+0.33 0.20+0.13 5.40+0.86 2.23+0.34 2.3340.39 2.1140.33 0.67+0.21 5.1140.81 2.02+0.29
(n = 10) (n = 18)

n =

Number of animals in each group.

‘6"



TABLE 3-13: TOTAL NUMBER OF FOLLICLES OF GREATER THAN 3.5mm DIAMETER, CORPORA LUTEA AND FOLLICLES PER
OVULATION - EXPERIMENT II

PASTURE LUCERNE
Follicles Corpora Lutea Estimated Total Follicles/Ovn Follicles Corpora Lutea Estimated Total Follicles/Ovn
2.00+0.48 1.75+0.13 3.75+0.49 2.14+0.23 2.4140.46  1.35+0.12 3.76+0.37 2.78+0.30

(n = 16) (n = 17)

PASTURE-LUCERNE LUCERNE-PASTURE

Follicles Corpora Lutea Estimated Total Follicles/Ovn Follicles Corpora Lutea Estimated Total Follicles/Ovn
2.20+0.46 1.10+0.09 3.30+0.40 3.00+0.26 2.78+0.31 1.55+0.12 4.3340.38 2.79+0.31

(n = 10) (n = 18)

‘0S



TABLE 3-14: TOTAL NUMBER OF FOLLICLES OF GREATER THAN 2.0mm DIAMETER, CORPORA LUTEA AND
FOLLICLES PER OVULATION - EXPERIMENT II

PASTURE LUCERNE
Follicles Corpora Lutea Estimated Total Follicles/Ovn Follicles Corpora Lutea Estimated Total Follicles/Ovn
5.25¢0.61 1.75+0.13 7.00+0.80 4.00+0.45 4.76+0.61  1.35+0.12 6.11+0.55 4.52+0.45

(n = 16) (n =17)

PASTURE-LUCERNE LUCERNE~-PASTURE

Follicles Corpora Lutea Estimated Total Follicles/Ovn Follicles Corpora Lutea Estimated Total Follicles/Ovn
5.40+0.63 1.10+0.10 6.50+0.45 5.9140.48 5.1140.59 1.55+0.12 6.66+0.62 3.98+0.39

(n = 10) (n = 18)

Number of animals in each group.

'16
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TABLE 3-16: OVARIAN AND UTERINE WEIGHTS (g) IN EWES GRAZING
PASTURE OR OESTROGENIC LUCERNE

PASTURE LUCERNE PASTURE-LUC LUCERNE-~PAST

Ovarian Weight
(Mean + SE) 2.72 + 0.16 2.58 + 0.14 2.42 + 0.19 2.52 + 0.12

Uterine Weight
(Mean + SE) 59.06 + 2.64 63.72 + 1.90 60.38 + 4.51 67.74 + 2.75

(ii) Reproductive Tract Histology

There were no significant differences between groups in the height
of epithelial cells, in any of the tract tissue examined. Mean

epithelial cell heights are shown in Table 3-17.

TABLE 3-17: EPITHELIAL CELL HEIGHT (p) OF REPRODUCTIVE TRACT TISSUE
FROM EWES GRAZING PASTURE OR OESTROGENIC LUCERNE

TISSUE PASTURE LUCERNE PASTURE-LUC ~ LUCERNE-PAST
Vagina 92.76 + 8.54  79.13 + 5.69 99.88 + 4.19 94.92 + 7.79
Cervix 26.09 + 1.09  24.86 + 1.11 25.1 + 1.25 26.21 + 0.83
Uterus 27.35 + 0.98  27.84 + 0.78 25.62 + 1.00 25.65 + 0.99

Fallopian Tube 24.49

[+

0.89 24.58 + 0.57 24.43 + 0.96 23.01 + 0.99
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SUMMARY

The coumestan levels in the lucerne were moderately high and the
daily intake of the ewes would have easily exceeded that required

to induce known oestrogenic responses.

Oestrogenic lucerne did not effect progestagen-induced synchroni-

zation of oestrus, or the mean length of oestrous cycles.

The length of the interval from the onset of oestrus to the pre-
ovulatory surge of LH varied markedly between animals. The

coumestans had no detectable influence.

The measurement of the chloride ion content of cervical mucus could
not be utilized to determine the time of ovulation. Consequently
the length of the interval from the LH peak to ovulation could

not be determined.

The ingestion of coumestans did not significantly alter the secretion

of luteinizing hormone. Secretion patterns throughout the cycle

and over the pre-ovulatory LH surge were unchanged.

Oestrogenic lucerne depressed ovulation rates by up to 29 percent,
but only when lucerne was consumed for the latter half of the
oestrous cycle, was the depression of ovulation rate statistically

significant.

The higher the 'natural' ovulation rate of ewes, the greater is

the coumestan-induced depression of ovulation rate.

The numbers of follicles present in the ovaries were unchanged,
although the number of follicles that ovulated was lowered by the

ingestion of coumestans.

The mean diameter of corpora lutea was not affected by the

ingestion of coumestans.
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The mean uterine weights and ovarian weights of ewes grazing
oestrogenic lucerne, did not differ significantly from those of
ewes grazing non-oestrogenic ryegrass/clover pasture, when

compared three days post-oestrus.

The mean height of epithelial cells in genital tract tissue, did not
differ between ewes grazing oestrogenic lucerne and ewes grazing
non-oestrogenic ryegrass/clover pasture, when compared three days

post-oestrus.



CHAPTER IV

DISCUSSION



55 .

CpHWARE ¥u ElsRy I

DISCUSSION

(A) OESTROGENIC LUCERNE

Severe infection of lucerne leaves by the fungi Pseudopeziza

o
medicaginis and Leptosphaerulina briosiana (Loper and Hans n, 1964),

both of which are common fungal pathogens of lucerne in New Zealand
(Close, 1967), produced material of high coumestan content. A similar
degree of oestrogenic potency was apparent under similar conditions

with this lucerne stand in a previous trial (McCutcheon, 1976).

The estimates of daily intake of coumestans suggest that plasma
coumestan concentrations would be well in excess of the levels necessary
to induce oestrogenic responses (Shutt et al., 1969). A recent trial
(Smith et al., unpublished data) has shown that as little as 25ppm
coumestan in the feedstuff is sufficient to suppress ovulation rate,

and the degree of suppression is increased by an increase in coumestan

content.

(B) OESTRUS PHENOMENA

(i) Oestrus Synchronization

Progestagen treatment resulted in a high proportion of ewes
showing oestrus over a four day period, following sponge withdrawal.
Some ewes were incapable of responding to progestagen treatment, owing
to having blind tracts or pregnant uteri, or to losing sponges during
synchronization. If these animals are disregarded, then 93 percent of
ewes in Experiment I and 91 percent of ewes in Experiment II were

detected in heat over the synchronized oestrus. A high degree of
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synchrony was maintained at the following oestrus, with 82 percent
(Experiment I) and 85 percent (Experiment Il) of the ewes in oestrus
over a comparable four day period. The higher proportion of ewes
undetected in the second oestrous cycle in Experiment I, may reflect
an inadequacy in the period of oestrus detection, rather than any
biological phenomenon. The skewed distribution of the onset of
oestrus (FIG. 3-1) suggests that some ewes may have been detected if
rams were introduced earlier.

Oestrogenic lucerne did not affect the degree of oestrus
synchronization attained, or the incidence of 'silent heats', although
behavioural oestrus has been related to plasma oestrogen levels (Piper
and Foote, 1968; Goding et al., 1970; Scaramuzzi et al., 1971b).
Conversely treatment of cycling ewes with antisera to endogenous oestrogens
prevents the occurrence of behavioural oestrus (Scaramuzzi, 1975;
Fairclough et al., 1976), but the administration of anti-sera to

phyto-oestrogens does not prevent oestrus (Cox and Wilson, 1976).

(11) The Oestrus-Ovulation Interval

The wide variation in the length of the interval from the onset
of oestrus to the pre-ovulatory LH peak, between individual ewes, 1is
in agreement with observations by Lamming, (pers. com. 1978). Lamming
suggested that this is due to biological variation rather than to
inadequate oestrus detection. Such wide variation between individuals
would mask any differences induced by lucerne.

The administration of exogenous steroid oestrogens increases oestrus
duration (Scaramuzzi et al., 197la; Land et al., 1972). There is a
linear relationship between oestrogen dose and the duration of the induced

oestrus, however, ewes exhibit a refractoriness to repeated administration

of oestrogen (Scaramuzzi et al., 1972). Land et al., (1972) suggested that

highly fecund breeds were more sensitive to exogenous oestrogens in
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relation to this oestrus response. There is no evidence to suggest that
coumestans alter the duration of oestrus.

The failure of the cervical mucus chloride test in estimating the
time of ovulation may have been the result of poor sampling techniques.

The erratic changes in chloride concentrations may have been due to

variation in the quantity of mucus collected at each sampling. Turnbull

et al., (1967) and Lindsay & Francis (1969) suggested that chloride
concentrations of cervical mucus may be utilized as an assay for phyto-oestroge
intake in ewes. In this trial there were no differences detected in mucus
chloride content, between ewes in the lucerne and pasture groups.

In conclusion, these experiments showed that there was considerable
variation in the length of the interval from the onset of oestrus to the
pre-ovulatory LH peak. We were unable to determine the length of the
interval from the pre-ovulatory LH peak to ovulation. However Cumming
et al., (1973) found a high degree of constancy in the length of the
interval from LH peak to ovulation, in ewes of widely differing ages and
under a number of treatments. This would suggest that there is considerable
variation between animals in the interval from the onset of oestrus to
the pre-ovulatory LH peak.

(C) LUTEINIZING HORMONE SECRETION

The depression in levels of receptor-bound endogenous oestrogens of
ewes grazing lucerne (Newsome and Kitts, 1977) suggests that total endogenous
oestrogen concentrations may also be depressed. A relationship between
steroid oestrogens and luteinizing hormone secretion has clearly been
established.

Ovariectomy, and the subsequent fall in plasma oestrogen levels, results

in an elevation of basal LH levels (Reeves, et al., 1972; Diekman and

Malvern, 1973). The administrationof exogenous oestrogens to ovariectomized
ewes induces a biphasic response; an initial depression in LH concentrations,
followed by a large elevation similar to pre-ovulatory levels (Radford et al.,

1969; Goding et al., 1970; Howland and Palmer, 1973). Feeding oestrogenic
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clover, of high isoflavone content, to ovariectomized ewes mimics the

administration of exogenous steroid oestrogens on LH secretion
(Hearnshaw et al., 1977).

In the present trials there were no increases in basal LH levels
in ewes grazing oestrogenic lucerne. Presumably, the depression of
endogenous oestrogen levels, if it didoccur, was not of sufficient
magnitude to affect LH secretion, or alternatively, the coumestans

compensated for lowered endogenous oestrogen levels.

If the coumestans do lower endogenous oestrogen levels, it is
feasible that they may affect the pre-ovulatory LH surge as this is
primarily a response to high levels of circulating oestrogens of the
previous day (Moore et al., 1969; Cox et al., 1971 ). Oestradiol
injections on days 3-4 (Bolt et al., 1971) or on days 10-12(Howland
et al., 1971) of the oestrous cycle, will induce 'extra' pre-ovulatory
type LH surges in cyclic ewes. In the present trial such extra pre-
ovulatory LH peaks were not induced by the ingestion of coumestans,

nor was the 'true' pre-ovulatory LH peak affected.

The LH profiles from ewes grazing oestrogenic lucerne in this
trial, failed to demonstrate changes in either the negative-feedback
effects of oestrogens on basal LH levels, or their positive-feedback
effects on pre-ovulatory LH surges. It is possible that either or
both of these oestrogenic effects did occur, but were not apparent.

To obtain accurate quantitative secretion patterns, the interval between
sampling must be less than the half-life of the hormone (LH % life is
approximately 20 minutes). Sampling at such frequent intervals would
demand the use of indwelling catheters and would also restrict the

numbers of animals used.

With the numbers of animals involved in this trial, any major

changes in LH secretion patterns should have been detected with 2-hourly
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sampling. Therefore it is concluded that if oestrogenic lucerne did

affect secretion patterns of LH, the changes were not extensive.

(D) DEPRESSION OF OVULATION RATES

Ewe liveweights were recorded prior to, during and at the
completion of the experiments. There were no significant differences
in ewe liveweights between groups at any of these times, which would
indicate the absence of a 'body condition' effect on ovulation rate
comparisons. Similarly the random assignment of ewes to each treatment
group should have minimised any genetic differences in ovulation rates
between groups. Therefore it may be assumed that any major variations
in ovulation rates were due to the treatment - the ingestion of oestrogenic
lucerne.

In both experiments the ingestion of oestrogenic lucerne depressed
ovulation rates. This is in agreement with the observations of other
workers (Scales and Moss, 1976; McCutcheon, 1976; Scales, et al., 1977).
The marginal levels of significance between groups reflects the
difficulty in analysing discrete data (number of ovulations) with
relatively small numbers of animals. This is clearly evident from
Experiment I, when the depression of ovulation rate within the breed
subgroups (Romney and Border Leicester x Romney) is considered. Although
the degree to which ovulation rates were depressed in these groups (29.2
percent and 28.3 percent respectively) is comparable to the depression
of ovulation rate when all ewes in Experiment I are considered (29 percent)
it is not statistically significant. However, when all ewes are
considered, this same degree of ovulation rate depression is highly

significant (p<0.001).
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Those ewes of higher fecundity involved in these trials, were
affected most by the ingestion of coumestans. In Experiment I, mean
ovulation rate of Border Leicester x Romney ewes is depressed by 0.73
ovulations per ewe compared to 0.5 ovulations per ewe for Romney ewes.

In a similar manner, the ovulation rate of the control animals (Pasture
group) was depressed unequally between Experiment I and Experiment II.
The control ewes of Experiment I had a higher inherent ovulation rate
than those of Experiment II (2.29 ovulations per ewe compared to

1.75 ovulations per ewe), and they were depressed to a greater degree by
oestrogenic lucerne (29 percent compared to 22 percent). This greater
sensitivity of highly fecund ewes to the coumestans was also reported

in earlier trials (Scales and Moss, 1976; Scales et al., 1977).

This breed variation in sensitivity to coumestans would appear to
correspond to observed breed differences in sensitivity to exogenous
steroid oestrogens. The administration of exogenous steroid oestrogens
to cycling ewes increases the duration of oestrus (Land, 1970) and breeds
of higher fecundity display a greater response than do the less prolific
breeds (Land et al., 1972). Ewes of high fecundity are however, less
sensitive to exogenous oestrogen-induced LH secretions (Land et al., 1976).
An apparent contradiction to the higher sensitivity to coumestans in the
depression of ovulation rate, is the report of Land et al. (1976) of a lower
sensitivity to the exogenous oestradiol-induced depression of ovulation
rate.

From the data collected in Experiment II, it is clearly evident
that it is the ingestion of coumestans in the latter half of the
oestrous cycle that is involved in ovulation rate depression. The
grazing of oestrogenic lucerne early inthe oestrous cycle had no effect

on ovulation rates provided that the ewes grazed non-oestrogenic pasture
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in the latter half of the cycle. These findings are consistent with
the claim that the number of follicles which are destined to ovulate,
is determined within the three days prior to oestrus (Land, 1973;

Findlay and Cumming, 1977; Bherer et al., 1977).

Hemicastration of ewes prior to day 14 of the oestrous cycle, leads
to a transient increase in FSH levels coinciding with falling oestradiol
levels, and increased follicular growth in the remaining ovary over
the final three days of the cycle (Ramirez and Sawyer, 1974; Findlay
and Cumming, 1977). In experiments where the feeding of lupin grain
to ewes increased ovulation rates, increases in FSH levels were also
reported (Brien et al., 1976). This strong, although indirect,
correlation between high FSH levels and increased ovulation rates,
prompts the suggestion that the converse situation occurs in ewes
grazing lucerne. FSH levels in ewes ingesting coumestans may be
depressed due to the intensification of the negative-feedback influence

of oestrogens on gonadotrophin release.

(E) FOLLICLE POPULATIONS

It has previously been shown that breeds with a high inherent
ovulation rate, ovulate a higher proportion of the Graafian follicles
that develop (Bradford et al., 1971; Turnbull et al., 1977b). This
characteristic is evident in the follicle population data of Experiment
. When all corpora lutea and unruptured follicles with a diameter
of greater than 3.5mm are included in an estimate of the large follicle
population, trends between the number of follicles and ovulation rate
are apparent. Ewes of the Border Lecister x Romney subgroup had
fewer follicles per ovulation than did ewes from the Romney subgroup.
The low numbers of ewes involved probably precludes these differences

from being statistically significant.
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Oestrogenic lucerne increased the number of follicles present per
follicle ovulating in the ewes of high fecundity, a trend which paralleled

the correlation between high fecundity and ovulation rate depression.

In Experiment II, all surface follicles of a diameter greater than
2mm were incorporated in estimates of follicle populations, and similar
trends were shown. The ingestion of oestrogenic lucerne in the latter
half of the oestrous cycle increased the number of follicles present
per ovulatjon. Exposure to coumestans in the early stages of the cycle
did not affect follicle numbers. Total follicle populations, recorded
after slicing the ovaries, showed trends similar to those shown by

surface follicle populations.

It would appear that if the coumestans do suppress the maturation
of follicles, then this suppression does not restrict increases in
follicle size. Although follicles develop to a comparable size in
ovaries of sheep grazing lucerne, there is some physiological restriction
which allows only the most advanced follicles to develop the potential
to ovulate. Although there is no direct evidence, a deficiency of FSH
at this stage of follicular development would appear to be a possible
cause of ovulation rate depression. The hemicastration experiments
of Ramirez and Sawyer (1974) and Findlay and Cumming (1977) give strong
indirect evidence of the requirement for FSH. Furthermore, reports of
the properties of exogenous oestrogens in altering pituitary responsive-
ness, could account for suppression of FSH levels by the coumestans.
The administration of oestradiol to ewes a few hours (4-6) prior to
Gn-RH, depresses the gonadotrophin response (Pelletier and Signoret, 1970;
Libertum et al., 1974). It would also appear that FSH is much more
sensitive to this inhibitory effect of oestrogen than is LH (Salamonsen

et al.,1973;Baird and Scaramuzzi, 1976; Findlay and Cumming, 1977).
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It has been established, that in sheep those follicles destined
to ovulate would have a diameter of greater than 0.5mm by day 6-7
of the oestrous cycle (Turnbull et al., 1977a). As the ingestion of
oestrogenic lucerne in the first half of the cycle (up to day 9)
does not influence ovulation rates, the 'initiation' of follicular
growth is apparently unimportant in ovulation rate depression. It has
been suggested that large follicles release a substance that suppresses
follicle initiation (Peters et al., 1973). As a consequence of
lowered ovulation rate, ewes grazing lucerne will have a greater number
of large follicles present early in the next oestrous cycle. However,
even if there is a depression in the numbers of follicles 'initiated'
it is unlikely that this would be a factor limiting the determination

of ovulation rates.

There were no significant differences between groups in mean
ovarian weights nor in the number of follicles present per gram of
ovarian tissue. Although these are limited observations, this would
suggest that the coumestans do not have any major effects on ovarian

metabolism that result in weight increases.

(F) PROGESTERONE SECRETION

Progesterone may influence follicular growth independently of its
effects via the hypothalomo-pituitary axis. Follicular growth is more
rapid in ovaries that contain a corpus luteum (Dufour et al., 1971b).
Injection of progesterone into one ovary of anoestrous ewes, together
with systemic administration of PMSG, results in more rapid follicular
growth and in a greater number of follicles and corpora lutea in the
injected than in the control ovary (Harned and Casida, 1971). This

treatment does not alter oestrogen secretion (Rexroad and Casida, 1977).
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Smith and Robinson (1969) found the diameter of a corpus luteum
(an estimate of its mass) to be highly correlated to progesterone
concentration in the ovarian vein blood plasma (an estimate of luteal
function). The ingestion of coumestans did not influence luteal

function as estimated by corpora lutea size.

(G) COUMESTANS AND THE REPRODUCTIVE TRACT

The ingestion of coumestans by overiectomized ewes results in the
expression of the 'classical' oestrogenic characteristics in the
reproductive tract. The administration of 7.5 to 25mg of coumestrol
per day, induces maximal stimulation of uterine growth (Braden et al.,
1967; Shutt et al., 1969; Kelly et al., 1976b). The coumestans
also induce cornification of reproductive tract tissue in ovariectomized
ewes, similar to that occurring at oestrus in intact ewes (Braden et al.,
1967). Similarly, the ingestion of oestrogenic lucerne causes the
secretion of cervical mucus, comparable to levels found at oestrus,
in ovariectomized (Kelly, 1972; Kelly et al., 1976b) or in intact anoestrous
ewes (Kelly et al., 1976a3). Synthetic coumestans have similar effects

(Shutt et al., 1969).

In Experiment II reproductive tracts were examined three days
post-oestrus, when those oestrogenic changes which occur at oestrus would
still have been evident. There were no significant differences between
ewes grazing pasture and ewes grazing oestrogenic lucerne, in the
measurement of those oestrogenic traits examined - i.e. uterine weights
and epithelial cell heights of reproductive tract tissue. Apparently
the levels of endogenous oestrogens present at oestrus masked the effects
of the ingested coumestans.

It has been demonstrated that the coumestans compete with

oestradiol for oestrogen-receptors (Shemesh et al., 1972). It would
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appear that, having bound to oestrogen receptors, the coumestan-
receptor complex is capable of fully expressing those oestrogenic
changes induced by the oestradiol-receptor complex, at least within
the reproductive tract. Newsome and Kitts (1977) recently found that
there were reduced levels of oestradiol-receptor binding in ewes
grazing oestrogenic lucerne, although oestrogenic parameters of the

reproductive tract are unchanged.

(H) CONCLUSIONS

The levels of coumestan intake by ewes grazing lucerne in these
experiments were sufficient to induce all of its oestrogenic effects.
These oestrogenic changes - increased uterine weight, increased cervical
mucus production and cornification of reproductive tract tissue - would
be readily expressed in ovariectomized ewes subjected to similar levels
of coumestans. However, in intact cycling ewes these parameters did
not differ from those shown by ewes grazing non-oestrogenic ryegrass/
clover pasture. The single characteristic of the reproductive system
which was consistently affected by oestrogenic lucerne, was a reduction
in the numbers of eggs ovulated. Although not part of this study,
observations show that the eggs which are produced, are capable of

normal fertility.

It has been shown that ovulation rate is proportional to the
duration of oestrus (Land, 1970; Hannahan and Quirke, 1975), which
in turn can be influenced by exogenous oestrogens (Scaramuzzi et al.,
1971a; Land et al., 1972). The administration of exogenous steroid
oestrogens increases the length of the oestrus period. However,

a single administration of exogenous oestrogen is most effective,as

ewes show refractoriness to repeated doses (Scaramuzzi et al., 1972).
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Morley et al., (1963) found that daily administration of stilboestrol
to cycling ewes decreased ovulation rates, a response which parallels
that of the coumestans. It may be that a single, appropriately-timed

dose of coumestans will increase the duration of oestrus and increase

ovulation rates, as does a single dose of steroid oestrogens.

Although Newsome and Kitts (1977) found that the ingestion of
coumestans reduced the levels of oestradiol, oestrone and oestriol
which bound to receptors, they did not measure total free endogenous
oestrogen levels. Scaramuzzi (1975) and Fairclough et al., (1976)
found that the depression of endogenous oestrogen levels, by the
administration of anti-sera, prevented the occurrence of behavioural
oestrus. The coumestans do not significantly increase the incidence
of 'silent' heats. It is also unlikely that the coumestans are
involved in the expression of behavioural oestrus and therefore mask
lowered endogenous oestrogen levels, as immunization against phyto-

oestrogens does not prevent oestrus (Cox and Wilson, 1976).

The demonstration in Experiment II, that the ingestion of oestrogenic
lucerne late in the oestrous cycle depresses ovulation rates, whereas
ingestion early in the cycle has no effect, is analogous to the effects
of hemicastration before or after day 14 of the cycle. Unilateral
ovariectomy before day 14 results in a compensatory increase in follicular
growth in the remaining ovary, and consequently, ovulation rates are
unchanged from those of intact ewes (Ramirez and Sawyer, 1974; Findlay
and Cumming, 1977). There is an increase in FSH 1levels following
hemicastration and the subsequent fall in endogenous oestrogen levels
(Findlay and Cumming, 1977). A similar relationship between changes

in FSH levels and follicular development could be involved in the
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coumestan-induced depression of ovulation rates. The ingestion of
oestrogenic lucerne may depress FSH levels and consequently, inhibit the
latter stages of follicle maturation, so decreasing the number of
Graafian follicles likely to ovulate. Smith et al., (unpublished data)
recently found that the administration of Pregnant Mares Serum
Gonadotrophin (PMSG) to ewes grazing oestrogenic lucerne, would overcome

the coumestan-induced depression in ovulation rates.

A depression of FSH secretion by the coumestans could arise from
either the direct action of the coumestans on the pituitary, in a manner
similar to the negative-feedback action of the endogenous oestrogens, or
from a coumestan-induced increase in endogenous oestrogen levels.
Although Newsome and Kitts (1977) showed that the coumestans depressed
the levels of receptor-bound endogenous oestrogens, they did not measure
levels of 'free' endogenous oestrogens. The coumestans may effectively
increase plasma oestrogen levels acting at the hypothalamo-pituitary
level, by reducing the amount of endogenous oestrogens bound to
reproductive tract oestrogen receptors over the peri-oestrus period.

It has been demonstrated that the coumestans compete with endogenous

oestrogens for oestrogen receptors (Shemesh et al., 1972).

Alternatively, the coumestans may lower plasma endogenous oestrogen
levels and affect the pituitary response to Gn-RH. A strong correlation
between the oestradiol : progesterone ratio and the pituitary response
to Gn-RH has been reported (Chamley et al., 1974a; 1974b; Pelletier,
1976) . Coumestans may alter gonadotrophin secretion patterns by
lowering the oestradiol : progesterone ratio and consequently, the

response to Gn-RH.

Findlay and Cumming (1977) suggested that FSH secretion is much
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more sensitive to the negative-feedback action of oestrogen than is

LH. Such variation in sensitivity has been demonstrated with the
administration of exogenous oestrogens (Salamonsen et al., 1973;

Baird and Scaramuzzi, 1976). If there is such a wide variation in
response to coumestans, a fall in FSH levels of sufficient magnitude to
influence ovulation rates may have occurred, while the changes in LH
secretion were not large enough to be detected by the procedures used

in this trial.

The ingestion of coumestans depresses ovulation rates but seldom
prevents ovulation from occurring. How could a depression in FSH
levels account for this? It has been shown that the presence of FSH
leads to an increase in the number of FSH receptors; that FSH and
oestradiol in concert increase LH receptor levels, and that LH increases
LH receptor levels (Richards and Midgley, 1976). It is feasible that
the depression of FSH (and the subsequent increase in LH:FSH ratio)
after exposure to coumestans, will result in a depression in FSH
receptor levels and an increase in LH receptor levels within developing
follicles. Presumably, as FSH levels are limiting, the available
FSH will be taken up preferentially by the follicle (or follicles)
at the highest stage of development, which will possess the largest
number of FSH receptors. This will in turn lead to an increase in FSH
receptor levels and consequently, to greater FSH uptake. This
'cascading' effect will result in the largest follicle (or follicles)
developing to the stage of potential ovulation, at the expense of other

Graafian follicles.

The increased susceptibility of high fecundity breeds to the

coumestans may be related to FSH secretion. Although there is no
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evidence to show that ewes of high fecundity have high plasma FSH
levels, it has been shown that such ewes are less sensitive to the
negative-feedback actions of exogenous oestrogens (Land et al., 1972;
1976; Land, 1976). If these ewes are also less sensitive to
endogenous oestrogens, they would presumably have higher FSH levels,

a lower LH:FSH ratio, and as a consequence of these plasma gonadotrophin
levels, would develop more follicles with the potential to ovulate.

The more follicles with this potential to ovulate that are produced in

normal ewes, the greater is the possible influence of the coumestans.

Direct evidence in support of this postulated action of the coumestans

awaits further experimentation.

POSSIBLE FUTURE TRIALS

Further work needs to be done to determine the extent to which
FSH is implicated in the depression of ovulation rates, in ewes grazing

oestrogenic lucerne.

If a depression in FSH secretion does occur in ewes grazing
oestrogenic lucerne, and FSH is responsible for follicular hypertrophy
after hemicastration, then if hemicastrated ewes are subjected to
coumestans, follicular hypertrophy will be impaired. Trials involving
hemicastration and oestrogenic lucerne treatments at different times
in the oestrous cycle could determine this. The administration of
PMSG to hemicastrated, or intact ewes, at different times during the
cycle may add further support to the claim that FSH is involved in

determining ovulation rates.

Further assays of plasma gonadotrophin levels in ewes grazing
oestrogenic lucerne, are necessary. These should involve intensive

blood sampling regimes which would enable accurate quantitative
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secretion rates to be calculated. Investigations into the mechanisms
which influence gonadotrophin secretion, if plasma gonadotrophin levels
are altered by the coumestans, could include the estimation of plasma
endogenous oestrogen levels and the responses to exogenous Gn-RH

of ewes grazing oestrogenic lucerne.

PRACTICAL APPLICATIONS OF THIS INVESTIGATION

In those areas of New Zealand which experience dry summers, lucerne
often outproduces pasture in late summer and autumn. Lucerne may be
the only available forage prior to mating, when it is important to

maintain breeding ewes at high liveweights.

The results obtained in these trials suggest that oestrogenic
lucerne may be utilized to achieve optimum pre-mating ewe liveweights,
without any detrimental effects on reproductive performance if ewes are
reroved from the lucerne eight days prior to mating. In fact removal
from lucerne as late as three days prior to the onset of oestrus may be
all that is required to restore normal fecundity. In practical terms,
it could be recommended to remove ewes from oestrogenic lucerne
immediately prior to mating, as only a small percentage of ewes would
exhibit oestrus within this three day period. Alternatively, it could

be suggested to remove ewes a week prior to mating.

Further work involving much larger numbers of ewes, needs to be
conducted to verify that removal from lucerne at mid-cycle restores
normal ovulation rates, and hence lambing rates. Similarly, the
effects of longer term grazing of oestrogenic lucerne prior to removal
(such as for 1-2 months pre-mating), must also be investigated before

these findings are strongly advocated.
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